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156 USE OF SALT 

which 13 poured into the blood. Accordingly w 
that retarding agents (tea, coffee, and alcoholic beverages) 
are not used at all, or only UBed sparingly, by infanta 
and children. 

If this view of digestive retardation in the stomach 
be well founded, the stomach becomes ij 
storage organ for food — like the crop of birds, the paunch 
of ruminants, the dilatable cheeks of monkeys, and the 
pouch of the pelican. 

Use (if Salt. — Why do we use so much salt with oar 
food ? Animals in a state of nature require none. They 
find (with most rare exceptions) all the salt they require 
in their natural food ; but cooks are always adding salt 
in their culinary operations, and we have it nearly always 
on our plates. This habit is probably dependent on the 
elaborate preparation and cooking to which v,e subject 
our food. In the preparation of flour the wheat is robbed 
of its outer coating, or bran, which contains the larger 
part of the saline matters of the grain. Potatoes and 
green vegetables are boiled in large quantities of water, 
and are therefore deprived of their saline ingredients. 
Meat and tish are boiled or roasted, and thereby lose 
some of their mineral cocBtituents. Salt must therefore 
be supplied artificially to make up the defect, and to 
restore to the food so treated that sapidity and saiinity 
of which it has in part been deprived. It I 
retoarked that tribes and races which subsist chj 
a vegetable diet have more need of salt than | 
communities. 



EFFECT OF FOOD- ACCESSORIES OS " 



The efEects of the food 
digestion must obviously bj 




^^■pood-accessories and pakcreatic diastase 157 

^^H difficult to estimate, than in the case of salivary and 
^^H peptic digestion. These accessories undergo changes in 
^^H the stomach; alcohol and saline matters are largely 
^^H absorbed in that viscus, so that the beverages containing 
^^K ■'■^^ni are considerably modified by the time they reach the 
^^H duodenum. And not only are the accessories altered by 
^^H *^6ir sojourn in the stomach, but the articles of food are 
^^^K also profoundly altered. Digestion is already half accom- 
^^^K pushed, the aohd proteids are partly reduced to a state of 
^^^■fiolution, and the entire gastric mass is converted into a 
^^H more or less homogeneous chyme. When this enters the 
r duodenum it encounters the alkaline secretions of the 

I liver and pancreas. A large part of the dissolved matter 

! IB reprecipitated by the neutralisation which then occurs, 

*nd the whole digesting mixture becomes alkaline in re- 
action. The digestion of starchy matters, suspended in 
the stomach, is now actively resumed ; the digestion of 
the undissolved proteid matters which came through the 
Pylorus, and of tlie neutralisation precipitate, recom- 
meuces and proceeds to its final termination. 

Pancreatic jliggstion appeared in my experiments, 
! milk and farinaceous matters, to 
^tun gastric digestion. On meat- 
^bumen pancreatic extract 
|iut on milk the action was 
Bn bread. The agency of 
lecessary for the digestion 



if food-ai 
distinguish between the 
hf i)ancreatic juice. 

J'lincreatic Ditistusi: — The 

,ncreatic digestion of starch 

ith its effect on salivary 
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PEEFACE 



Thk present volume oonsista mainly tif a reprint of twu 
publications by the author — namely, the Lumleian 
Lectures ' On the Digestive Ferments and Artificially 
Digested Food,' delivered before the College of Physicians 
in 1880, and a course of five Lectures ' On Dietetics and 
Dyspepsia,' given at the Owens College in 1885. These 
two little hooka, after running through two editions, 
were still called for ; and it appeared more advisable to 
reissue them in'conjanction than to print new editions 
of them separately. The opportunity seemed also a 
favourable one for bringing together into a collected form, 
convenient for reference, the other contributions of the 
author on kindred subjects. These include : a paper 
' On the Therapeutics of Starch Digestion," published in 
Tiu- P rart it loner ioT 1879 ; apaper ■ On the Estimation of 
the Amylolytie and Proteolytic Activity of Pancreatic 
Extracts,' printedin the Procecili iig« of the Rnyal Sodi-tt/ 
for 1881 ; an address ' On Feeding the Sick,' delivered 
at the meeting of the British Medical Association at 
Cardiff in 1885; some observations 'On the Use of 
Gastric Antacids,' made before the Section of Thera- 
peutics at a meeting of the same Society in Leeds in. 



1889, and, lastly, an iiddress 'On some Practical Points 
in Dietetics, ' delivered before the Manchester Medical 
Society in October 1890. 

The volume therefore embraces all the contributions 
which the author has made to subjects relating to 
Digestion, Dietetics, and Dyspepsia. 

The matters treated of have been thrown together 
into four groups or sections ; and the materials have 
been subjected to some amount of rearrangement. By 
this means a certain degree of order and coherence has 
been given to the entire work; but no attempt has been 
made to produce a systematic treatise. The articles 
have all been carefully revised : and repetitions have 
been eliminated as far as was practicable ; but no 
substantial changes have been made in the subject- 
matter. 

The present edition is enlarged by the addition, in 
the form of an appendix, of an article on the Opium 
Habit in India. This article first appeared as an 
' annexure * to the Beport of the Koyal Commission on 
Opium, published in 1895. It is here reproduced as a 
contribution to our knowledge of a group of quasi- 
dietetic substances, whicli includes alcohol, tobacco, tea 
and coffee, concerning the true significance of which we 
are still greatly in need of enlightenment, 

\\. B. 
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Section I 



DIGESTION AND THE DIGESTIVE FERMENTS 



^ 



HEBTION IK GENEBAL-THE DIGESTIVE FEHMBNTS— 
DIGESTION OF CAEBOHTDEATES. 



{First Lumleian Lec\ 



'6.) 



Digestion is a faculty or function common to animala and 
pjlanta — Eilerior digeation — Interatitial digcBtion — General charactera 
MKOd propertieH of the digestive ferments — Preparation of arti£cial 
KiEgestiTe jniaes — Diastasic ferments and the digeation of starch — 
J^heoryof the ptoceaa— The respective sharcB of saliva and pancreatic 
■jaiee in the digestion of starch — Wben can starch be said to be full; 
■ digested? — Abaoltite energy of diastaae — Digeation of cane-augar 
I And the inversive ferment. 



[QEBTioN has been usually regarded as the apecial 
tribute of animals. They receive into their alimen- 
f canal the food which they require for their aus- 
) a crude form. It \s there Bubjeeted to the 
a of certain ferments which transmute its elementa, 
i a peculiar chemical process, into new forms which 
ft fitted for absorption. Looked at in this restricted 
, plants have no digestive function. They possess 
I alimentary canal, nor any vestige of a digestive 
iratuB, But when the matter is examined more 
tofoundly it is seen that plants digest as well as 
mals, and that the process in both kingdoms of 
rare is fundamentally the same. 
In order to understand this generalisation — which 
was first propounded by Claude Bernard, and constituteR 



one of the moGt important fruits of his splendid labours ' 
—it is neeeBsary to recognise digestion under two types 
or conditions — namely, a digestion which takes place 
exteriorly at the surface of the organism, and a digestion 
which takes place interstitially in the interior of the 
organs and tissues. 

Exterior digestion is that common process with which 
we are famihar as taking place in the alimentary canal 
of animals, by which the crude food introduced from 
without is prepared for absorption. 

Interstitial digestion, on the other hand, is that more 
recondite process by which the reserves of food lodged 
in the interior of plants and animals are modified and 
made available for the purposes of nutrition. 

These two types of digestion are essentially alike 
both as regards the agents and the processes by which 
they are carried out-^and although one type of digestion 
is more developed in the animal kingdom and the other 
type more developed in the vegetable kingdom, both 
types are represented in the two kingdoms — ^and bear 
witness to the fundamental unity of the nutritive opera- 
tions in plants and animals. 

I shall only be able to indicate in outline the facts 
and arguments on which Bernard sought to estabhsh 
these propositions. 



i 



BSTEKIOR DIGESTION. 

We all know that the alimentary canal is simply a 
prolongation of the external surface ; that the skin is 
continued, at either extremity, without a break, into the 
alimentary mucous membrane. Accordingly the pro- 

' Claude BerDnril, ipfoits stir les PlUnomincs de la Vie, t. ii. 
Edited aCter his death b; Dastre. PoriB, 1879. 
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ceBBes -which take place in the digestive tube are, strictly 
speaking, as much outside the body as if they took place 
on the Burtaoe of the skin. Upon this inner surface, if 
I may so call it, are poured out the digestive juices, 
charged with the ferments which are the special agents 
of the digestive processes. This is the common con- 
dition of exterior digestion as it occurs in animals— but 
it is not the only condition. Among some of the lowest 
members of the animal series a permanent alimentary 
cana! does not esist. In the amceba any portion of the 
exterior is adapted for the reception of food. The morsel 
sinks into a depression formed on the surface at the 
point of impact— it is digested in this improvised 
stomach, and the indigestible portions are expelled 
through an improvised anus. 

Among plants exterior digestion is a much less 
prominent feature than among animals, but examples of 
its occurrence and evidence of its importance are not 
difficult to point out. In the lowest orders of plants — 
fungi and saprophytes, which are devoid of chlorophyll 
—exterior digestion is probably a function of prime 
necessity. In all likelihood their carbon-containing food 
is only absorbed after undergoing a process of true 
digestion. The transformation of cane-sugar by the 
yeast plant is a striking example — though a distorted^ 
one — of exterior digestion. Cane-sugar is a crude form 
of food both to plants and animals, and requires to be 
transformed into invert-sugar (a mixture of equal parts 
of dextrose or gi-ape-sugar and Itevulose or fruit-sugar) 
before it can be made available for mitrition.( The yeast 
plant is no exception to this rule ; and when placed in a 
solution of cane-sugar it is under the necessity of trans- 
forming that compound into invert-sugar before it can 
use it for its profit in fermentation. This transforma- 



INTERSTITIAL DIGESTION 

tion is effected by a Boluble ferment attached to the 
yeaat cell, which can be dissolved from it by water. We 
shall see later on that a similar ferment exists for a 
similar purpose in the small intestine of animals- 
having the same property of changing cane-sugar into 
invert-sugar. 

Even among the higher plants exterior digestion ia 
not quite unknown. The function may be said to be 
foreshadowed in the excretion of an acid fluid by the 
rootlets of some plants which serves to dissolve and 
render absorbable the mineral matters in their vicinity. 
But genuine and most remarkable examples of this type 
of digestion occur among the so-called insectivorous 
plants, of which Mr, Darwin has given so interesting 
an account. In the sundews, the plant, by a peculiar 
mechanism provided on its foliage, seizes the insects 
which fortuitously alight on its leaves. A stomach i 
extemporised around the prey, into which is poured out | 
a digestive fluid. The prey is digested, and the products, 
absorbed, in essentially the same manner as in the 
gastric digestion of animals. 



niTERBTITIAL 

Both animals and plants lay up reserves, or stores, ' 
of food in various parts of their tissues for contmgent 
use, so that if you suddenly withdraw from them their 
food supplies neither animal nor plant immediately dies 
— it lives for a certain time on its reserves. But before 
these reserves can be made available for the operations 
of nutrition they must first be converted from their ' 
inert and mostly insoluble state into a state of solution 
and adaptability to circulate in the nutritive fluid which 
constitutes the alimentary atmosphere of the proto- 



INTBESTITIAL DIGESTION ( 

umie elfltnentH. This conyerBion of inert store-food 
bto ayailable nutriment is brought about certainly in 
jome, presumably in all eases, by the same agents and 
BTOcesses as the digestion which takes place in the 
lentary canal of animals ; and it is this identity in 
ibe agents and the processes which Bernard insisted on 
B the proof of the fundamental identity of the two kinds 



The storing ap of food is carried on to a larger 

I the vegetable than in the animal kingdom, 

ing to the intermittent life of most plants. In their 

id, tubers, bulbs, and other receptacles are laid up 

tores of albumen, starch, cane-sugar, and oil — designed 

irily for the growth and nutrition of the plant or 

s offspring— but which are largely seized on by animals 

tnd utihsed for their food. Owing to their more con- 

tnuoiis Ufe animals store up food less than plants. 

peverthelesa, they accumulate stores of fat in vai'ious 

s of their body — of animal starch (glycogen) in their 

srs and elsewhere — and of albumen in their blood. 

pitds also store up large quantities of albumen and fat 

) their eggs. 

The transformation of store-food has been followed 

jut most completely in regard to starch and its congener 

lycogen, and cane-sugar. Bernard worked out this 

[abject with marvellous minuteness and success. It has 

Bg been known that the transformation of starch into 

in germinating seeds was effected by diastase ; 

I that a similar ferment, existing in saliva and pan- 

»tic juice, performed the same office on the starchy 

i of animals. It has also been proved that the stores 

' starch laid up in the tuber of the potato and in 

rious parts of other plants are changed at the periods 

E budding and gi'owth in the same way and by tUe. 



same agent. Bernard showed that animal staieh or 
glycogen is stored up largely not only in the liver but in 
a variety of other situations, and especially that it is 
widely distributed and invariably present in large quan- 
tities in embryonic conditions. In juxtaposition with 
the glycogen is found a diastasic ferment which trans- 
forms it into grape-sugar, as it is required for the active 
operations of growth and nutrition. 

The stores of cane-sugar which exist in the beet-root 
and in the sugar-cane are transformed or digested in hke 
manner into invert-augar when the plants enter on the 
second phase of their life — the phase of inflorescence 
and fructification. Here, again, it has been proved that 
the converting agent is a soluble ferment — ^the same 
ferment which, as already mentioned, is attached to the , 
yeast cell — and the same ferment which exists in the . 
small intestine of animals for a similar purpose. 

The transformation of store proteids and fats has 
not been followed out with the same success as that of 
starch and cane-sugar. But the evidence, as far as it 
goes, and analogy, point to the conclusion that the stores 
of albuminous and oily matters contained in the seeds, 
bulbs, and other receptaclea of vegetables are subjected 
to a digestive process before they are made available for 
the nutritive operations of the plants, and that the 
changes thus effected are of the same nature and accom- 
plished by the same agents as those which take place 
in the digestion of proteids and fats in the alimentary 
canals of animals. 

I have, I think, said enough to show the scope of the 
evidence and the analogies from which Bernard deduced 
certain far-reaching generalisations, which I have ven- 
tured to summarise in my own language in the following 
propositions: — 



DIGESTTVB FEBMBHT8 

(1) Digestion, or the process by which crude food 
ia changed into available nutriment, is a function or 
faculty of capital importance in every form of active life. 
(2) This function is eserciacd partly on food brought 
into proximity with the aurfat-o of the organism (exterior, 
chiefly intestinal digestion) iiud partly on reserves of 
food laid up in the interior of the organism (interstitial 
digestion). (3) The agents concerned in this function 
and their mode of action are easentially the same whether 
the organism be a plant or an animal — and whether the 
action take place in the interior of the tissues or on 
the general or intestinal surfaces. 



GENERAL CHARACTERS AND PBOPEETIBS OF THE 
DIGESTIVE FERMENTS. 

The essential work of digestion is carried out by a 
Inarkable group of agents called soluble or unorganised 
These are found dissolved in the several 
jeative juices or secretions which are thrown out on 
ppath of the food as it travels along the alimentary 
The physical and mechanical processes to which 
[ is Bubjected in the mouth and stomach are all 
ely introductory, or preparatory, and are solely in- 
1 to facilitate the essential work of digestion, which 
ists in the action of the digeative ferments on the 
Dsentary principles. 

' The number of distinct ferments employed in the 
jBtion of the miscellaneoua food used by man is not 
Snirateiy known, but there are at least seven or eight 
pthem. The accompanying table presents in one view 
PBheme of the several digeative secretions or juices — 
1 the ferments which they contain — together with an 
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indication of the action of each ferment on the several 
alimentary principles. 



Tabk of the Digentioe Juices and their F^rmmts. 


DigofillTe Jnioes 




Action on Pood Uatertala 


Bftliva . . . 


Salivary diastase or 
ptyaUn 


Changes starch into 
destrine and augftr. 


Gfistiic jnioe 


a. Pepsin . 

b. Onrdling feiment . 


Changes proteids into 
peptones in an add 

Ci^ea the caaein of 


PanoreaUo juice ■ 


a. Tijpain 

b. Curdling ferment . 

c. Panoreatic diaBtasc 

d. Emulsive lerment. 


Changes proteids into 
peptones in alkaline 
and neutral media. 

Curdles the casein of 
milk. 

Changes starch into 
dextrine and sugar. 

EmulaifiBB and partiallj 
saponifies fats. 


Bflo . . . 


7 . . . . 


Assists in emulsifying 
fats. 


Inteatiuftl joice 


o. InverUn 

6. ? Curdline ferment 


Changes cane-sugar into 

invert-Bugar. 
Cnrdlea the casein of 

milk. 



An examination of the table shows that a long and 
compHcated series of ferment-actions is required to 
aecompUsh the digestion of our food. Starch is attacked 
at two points — in the mouth and in the duodenum — by 
two ferments, salivary and pancreatic diastase, which 
are substantially identical. Albuminous matters are also 
attacked at two points — in the stomach and in the small 
intestine — but here the two ferments, pepsin and trypsin, 
are certainly not identical. The ferment of which the 
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only known characteristic is to curdle milk is found in 
the stomach and in the pancreas — and I think also in 
the small intestine. The bile is not known to posBesa 
any true ferment -action, but it assista, by its alkalescent 
reaction and by its physical properties, in emulsifying 
and promoting the ahsorption of fatty matters. The \ 
ferment which transforms cane-sugar, strange to say, 
is not encountered until the food reaches the small in- 
testine. 

The known digestive ferments all belong to the class 
of soluble or unorganised ferments. They are sharply 
diBtinguished from the insoluble or organised ferments, 
of which the type is yeast, in not having the power 
of self -nutrition and self-multiplication. All living or- 
ganisms possess this power either in a dormant (poten* 
tial) or in an active (kinetic) state. Soluble ferments 
cannot therefore be said to be alive — but they are 
exclusively associated with living organisms ajid take an 
essential part in their vital operations. 

The digestive ferments are all the direct products of 
living cells, and may be regarded as detached repositories 
of cell-force. They are quite unknown in the domain of 
ordinary chemistry. Their mode of action bears no re- 
semblance to that of ordinary chemical affinity, and has 
a distinctly physiological character. They do not derive 
their marvellous endowments from their material sub- 
stance. They give nothing material to, and take nothing 
material from, the substance acted on. The albuminoid 
matter which constitutes their mass is evidently no more 
than the material substratum of a special kind of energy 
— ^juat as the steel of a magnet is the material substratum 
of the magnetic energy— but ia not itself that energy. 
This albuminoid matter of the ferment may be said to 
become charged, at the moment of elaboration by the 
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giand-cells, with potential energy of a special kind — in 
the same way that a piece of steel beeomea charged with 
magnetiBtn by contact with a pre-esisting magnet. The 
potential energy of the ferment is changed into the 
active form {i.e. becomes kinetic) when it in brought into 
contact with the alimentary substance on which it is 
designed to act. 

The chemical and physical characters of the digestive 
ferments appear to be tolerably uniform. In composi- 
tion they resemble proteid substances, and contain car- 
bon, oxygen, hydrogen, and nitrogen in the same or 
somewhat similar centesimal proportions as albumen. 
But as not one of them has yet been obtained in a state 
of absolute isolation and purity, this is, strictly speaking, 
a matter of inference rather than an ascertained fact. 

They are all soluble in water ; they ai'e all diffusible, 
though with great difficulty, through animal membranes 
and parchment paper. They are also capable (all those 
I have tried) of passing through porous earthenware by 
filtration under pressure ; but some of them pass through 
readily, and others with the utmost difficulty and only 
in the smallest proportions. 

They are precipitated from their watery solutions by J 
absolute alcohoi^but, unlike other proteids (peptones ex- 1 
cepted), they are not truly coagulated by alcohol. When 1 
the alcohol is removed the ferments are still foimd to t 
soluble in water and to retain their activity unimpaired. 

They ai'e rendered permanently inert by the heat of 1 
boiling water ; and when in solution they are coagulated 1 
and destroyed by a heat of about 100° Fahr. (71" C). 

There is a curious point in regard to the proteolytic \ 
ferments which requires elucidation. Liquid prepara- 
tions of these ferments invariably contain a oonaiderable 
amount of unchanged— that is to eay of undigested — 
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albumen, which is precipitated by the addition of nitric 
acid or by boiling. This is the case both with pancreatic 
extracts and with solutions of pepsin acidulated with 
hydrochloric acid. It is evident that this substance can- 
not be any one of the ordinary forms of albumen— 
otherwise it would long since have imdergone digestion^ 
it would, in fact, have been transformed into peptone by 
the trypsin or pepsin associated with it in the solution — 
and in that condition would of coui'se have been in- 
capable of being precipitated by nitric acid or boiling. 
All this leads up to the inference that the albuminoid 
matter which constitutes the organic substratum of pep- 
sin and tryijsin is an altogether special form of albumen 
— and that one of its peculiarities is that it is unsus- 
ceptible of the proteolytic transformation which WG call 
digestion. Its relation to ordinary albumens would re- 
semble that of an nnfermentable sugar in regard to 
ordinary sugars. It further suggests itself to one's mind 
that the undigested remnant which is invariably found 
ae a residuum in the artificial digestions of proteids — and 
which goes by the name of ' dyspeptone ' — is not, as has 
been thought, a by-product of the digestive process, but 
that it is simply an admixture of this variety of non- 
iligestible albumen. 

Each digestive ferment has its special correlative 
alimentary principle, or group of principles, on which 
alone it is capable of acting. Diastase acts exclusively 
on araylaceouB substances. Pepsin and trypsin act only 
on the azotised principles — the emulsive ferment of the 
pancreas is only capable of acting on fatty bodies — the 
inversive ferment of the small intestine has no activity 
except on cane-sugar. 

The changes impressed on aUmentary principles by 
the digestive ferments are not, chemically speaking, of a 
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profound character — ^and they affect much 
physical state of these principles than their i 
composition. In the main they are processes of de- 
dupKeation and hydration — and the result ia to render 
the substances operated on more soluble and more dif- 
fusible — to diminish their colloidal state and to make 
them aijproaeh or even to reach the crystalloid state. 
This does not appear to be invariable, however. Cane- 
sugar is a marked exception — it is converted in the small 
intestine into invert-sugar (a mixture of equal parts of 
grape-sugar or dextrose and fruit-sugar or Ifevulose), but 
invert-sugar, though more highly hydrated than cane- 
sugar, is neither more diffusible nor more soluble. 

It does not appear to be absolutely true that all food 
requires digestion before it can be absorbed. Fat is 
largely taken up by the lacteals in its unaltered state — ' 
except in so far that it is finely divided or emulsified. 
Grape-sugar (dextrose) ia not known to suffer any diges- 
tive operation, but to be absorbed unchanged. Perhaps 
it would be more correct to say that grape-sugar is an 
article of food predigested for us by the agency of I 
plants. I 

Although the mode of action of digestive ferments ib 
special and peculiar, the results of that action are not 
peculiar, but can be obtained in other ways by ordinary i 
chemical forces. By long- continued boiling in water— 
and more rapidly by boiling with acidulated water- 
starch is converted into dextrine and sugar, and albumen 
is changed into a substance resembling peptone. The I 
peculiarity of the action of ferments consists in this : 
that the ferments are able, swiftly and without violence, I 
to produce changes which, by ordinary chemical agencies, 
can only be produced either by strong reagents or by I 
long-continued and very slow action of weaker reagents. I 
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It is interesting to remark that the changes produced in 
food by digestion are, in their ultimate results, very 
similar to, if not identical with, those produced by pro- 
tracted cooking. 

It ie becoming evident that the active work which is 
prosecuted in many quarters on the action of ferments 
demands the introduction of some new words. The 
word ferment ia still commonly applied to botli organised 
and soluble ferments, although the necessity of referring 
these groups of agencies to separate categories is univer- 
sally recognised. Kuhne has proposed to designate the 
soluble ferments as ' enzyms,' and we may conveniently 
adopt the word into English, with a alight change of 
orthography, as ' enzymes.' May we not also designate 
the organised ferments as ' zymes ? ' If this suggestion 
were adopted a great deal of paraphrase might be 
avoided by coining from these two roots the cognate 
words which we are in want of for clear expression and 
eoneise description. 

The words ferment and fermentation have been so 
associated from old time with yeast and alcoholic fermen- 
tation that the application of the same words to the pro- 
cesses by which milk sugar is changed into lactic acid 
and alcohol into acetic acid, and to those more complex 
transformations which we call decomposition and putre- 
faction, appears strange to us. And yet it is now well 
known that all these transformations are produced by the 
action of minute organisms, and that they belong strictly 
to some category as alcohohc fermentation. Still more 
strange to ua is it to apply the same terms to the silent 
transmutations which take place in the action of 
diastase on starch and the action of pepsin and trypsin 
OD albamen. 

If all organised ferments became known as ' zymes,' 
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and all soluble ferments as ' enzymes,' then the process 
in which zymea are engaged might be called ' zymosis 
— and the process in which enzymes are engaged might 
be termed ' enzymosis,' The a,ction of the former might 
be described as 'zymic,' and that of the latter ' enzymic' 
It would also follow that in scientific description the verb 
to ' ferment ' would be displaced by the verb to ' zymose,' 
or to ' enzymose,' as the case might be. 

THE PREPARATION OF ARTIFICIAL DIGESTIVE JDICBS. 

The study of the digestive ferments has been im- 
mensely facilitated by a method first introduced by 
Eberle. Eberle discovered that an aqueous infusion or 
extract of the digestive glands possessed the same pro- 
perties as the natural secretions or juices of thost 
The reason of thie is that the glands which secrete the ' 
digestive juices contain within them a reserve stock otM 
their respective ferments. Accordingly, when the glandaj 
are infused in water their reserve stock of fermenteB 
passes into solution. These infusions or extracts theifl 
constitute artificial digestive juices which operate in i 
flask or beaker in the same way as the corresponding! 
glandular secretions act in the alimentary canal. Solu-1 
tions of organic matters are, however, extremely perish- f 
able — they pass quickly into putrefaction. In order I 
to obviate this inconvenience, and to obtain an extract! 
which is always handy for use, various preservatival 
means have been employed. Bernard used carbolioT 
acid — others have used glycerine ' or common salt^ 

' Gljcerins is one of the best solTents of the digestive feimentaJ 
eapecioilly for the preparation of solutions designed for experimental! 
purposes. Bullock's acid glycerine of pepsin is used medicinally very! 
largely, and is one of the most active preparations in the market. 
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These preservatives, although perfect for the purpose 
intended, have a pronounced taste which it is impossible 
to get rid of. I have made a good number of experiments 
on this point. As the ultimate object I had in view was 
to obtain a solution which could be administered as a 
medicine by the mouth — or which could be employed in 
the preparation of artificially digested food — I sought for 
a preservative which either had little taste and smell, or 
one which was volatile and could be got rid of by vapori- 
sation. After a good many trials I adopted the three 
following solutions as on the whole the best suited for the 
purpose. 

I. Boradc Solulion. 
This solution contains three or four per cent, of a 
mixture of two parta of boracic acid and one part of 
borax. An extract of the stomach or of the pancreas 
made with this solution keeps perfectly, and has little 
taste and no smell. For experimental purposes this 
extract is, I believe, all that can be desired — ^it is neutral 
in reaction and is chemically inert. It answers well also 
for administration by the mouth when the dose does not 
exceed one or two tea-spoonfuls. But when larger quan- 
tities are required for the preparation of artificially 
digested food, and when food thus prepared has to be 
used day after day in quantity sufBcient to sustain 
nutrition, larger quantities of boracic acid and borax 
are taken into the stomach than that organ can always 
comfortably tolerate. 

n. Dilute Spirit. 

The second solution is water mixed \vith twelve or 

fifteen per cent, of rectified spirit.' This solution makes 

' This ptopoction ol spirit ia not ooough for perfect preservation 

in lammer uiesther. The nater should coaCuiD 20 to 25 per cent, ol 
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a moat escelleat extracting medium, and the quantity 
spirit in it is so Bmall as rarely to be an objection to its 
use. In the preparation of artificially digested food a 
final boiling is usually requisite, and in this final boiling 
the alcohol is dissipated. On the whole, this is the most 
generally useful of the three solutions. 

m. Chlorofunn Wate^-. 

Chloroform dissolves in water in the proportion of j 
about one in two hundred — these ai'e the proportions 
employed in the preparation of the Aqua Chlorof(»-ini of 
the British Pharmacopoeia. This forms a perfect solvent 
for the digestive i'erments, and its keeping qualities are 
um'ivalled. But though the quantity of chloroform dis- 
solved is 50 minute (about two and a half drops in a ] 
fluid ounce), it communicates a somewhat powerful smell 
and taste to the solution. This taste and smell are agree- 
able to most persons, but not to all. It is, however, 
quite easy to get rid of the chloroform. If the dose to 
he used be first poured into a wineglass or saucer and 
left exposed to the air for three or four hours, the chloro- 
form passes off almost entirely iu vapour, and leaves 
behind a simple aqueous solution of the ferments. Or, 
if the solution is employed for the preparation of arti- 
ficially digested food, the chloroform, being very volatile, 
disappears in the final boiling. It is perhaps well to 
mention that chloroform water has the property of re- 
ducing Fehling's solution, and that this property has to 
be taken into account in making experiments on digestion 
which involve testing for sugar. 

reotified spitil. The solvent propertiea o! the medium are not in the 
least deteriorated by thia additional proportion of spirit — at anj rate in 
- " ' it-diastaae and the panoreatio enzymes. 
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Alimentary substances fall naturaily into thi^ee well- 
marked groups, namely, Carbohydrates, i'rnUida, and 
Fats. I propose to consider the digestion of the three 
groups in the order here indicated. I have, however, no 
intention of dealing Bj'stematically with these subjects, 
but rather to take up certain points and questions in 
regard to which I have myself made observations, or 
which have a bearing on the preparation of artificially 
digested food and its administration to patients. I shall 
treat the digestive transformation of starch in some 
detail, because this has been worked out almost to com- 
pleteness, and because it probably furnisbes a type which 
will hereafter be of service as a guide to the study of the 

I* complex problem of the digestion of proteids. 
The importance of starch as an article of human food 
, perhaps, scarcely been duly recognised. If we re- 
d the enormous proportion in which the seeds of 
cereals and leguminous plants and the tuber of the 
potato enter into our dietary, and the immense percentage 
of starch in these articles, it is probably not too much to 
Bay that fully two-thirds of the food of mankind eonsistB 
of starch. 

In the raw state starch is to man an almost indi- 
gestible substance ; but when previously subjected to the 
operation of cooking it is digested with great facility. 

Diastase has only a feeble action on the unbroken 
starch granule, even at the temperature of the body. 
In the lower animals, and in germinating seeds, the 
starch granule is probably attacked in the first instance 
by some other solvent, which penetrates its outer mem- 
branes, and thus enables the diastase to reach and act 
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on the starchy matter contained within. By the aid of 
heat and moiBture in the process of cooking the Btareh 
granule is much more effectively hroken up. Its con- 
tents swell out enormously by imbibition of water, and 
the whole is converted, more or less completely, into a 
paste or jelly or maeilaginons gruel. It is in this gela- 
tinous form exclusively, or almost exclusively, that starch 
is presented for digestion to man. 

The digestion of starch is aceonipUshed partly by the 
saliva and partly by pancreatic juice, both of which are 
rich in diastase. Diastase also exists abundantly in the 
hver, and in smaller quantities in the intestinal juice, in 
the blood, the urine, and apparently in all the interstitial 
juices. Diastase from all these diverse sources appears 
to act substantially in the same manner on starch, 
changing it by a progressive hydrolysis into dextrine 
and sugar. 

If the action of a fluid containing diastase — say saliva 
or extract of pancreas — on starch paste be watched, the 
first effect observed is the hquefaetion of the paste and 
the production of a diffluent solution. This change is 
effected with great celerity — in two or three minutes the 
stiff paste becomes a watery liquid. This is evidently a 
distinct act— and antecedent to the saccharifying procesa 
which follows. By operating with small proportions of 
diastase and large proportions of pure starch paste it is 
possible to hit on a moment when liquefaction is com- 
plete and saccharification is not yet begun. At this 
moment the solution yields a pure starch reaction, and 
no reaction of dextrine nor of sugar. The process of sac- 
charification follows immediately on the heels of hque- 
faetion ; and in ordinary manipulations the one process 
< runs into the other. 

The speed of the action depends primarily on the 
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proportion of the diastase. By adjusting the pi'opor- 
tions of diastase and starch in such degrees that sac- 
charification will be completed in about a couple of 
hours the successive steps of the process can he leisurely 
followed by applying from time to time the appropriate 
tests. 

If you test as soon as liquefaction is complete you 
get a pure blue with iodine and a slight reaction of sugar 
with F eh ling's solution. In a few minutes the sugar 
reaction becomes more decided ; and, although you still 
get a pure blue with iodine in the ordinary way of test- 
ing, you will get, by greatly diluting the blue solution 
and then adding more iodine, a deep violet tint — show- 
ing the presence of erythro- dextrine mixed with starch. 
The nest step is the total disappearance of the blue 
reaction with iodine, and the substitution for it of an 
intense reddish-hrown coloration of erythro-destrine, 
By-and-by the reddish-brown colour is replaced by a 
yellowish -brown — indicating the preponderating presence 
of a different kind of erythro-dextrine. Meanwhile the 
sugar reaction goes on increasing. The next step is the 
entire disappearance of any kind of coloration with iodine. 
But the action is still very far from complete — the pro- 
portion of sugar goes on increasing for a considerable 
time after iodine has ceased to tint the solution. At 
length, however, matters come to a standstill, and the 
proportion of sugar ceases to increase. 

The explanation of this series of reactions is impossible 
on the old view of the constitution of the starch. Until 
recently it was supposed that the starch molecule was re- 
presented by the comparatively simple formula Ci^Hj^Oi,,, 
and that under the influence of diastase this molecule 
was resolved by hydration into two molecules — one of 
dextrine and one of grape-sugar. 
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The researches of Musciilns and O'Sullivan' have 
shown that this is not a correct account of the trana- 
formation. In the first place it was found that the 
sugar produced was not grape-sugar (dextrose), but 
another kind of sugar called maltogf. It was also found 
\ that the dextrines first produced, and which were coloured 
red or brown by iodine, were progressively changed, with 
BimultaneouB production of sugar, into a series of dex- 
trines of a lower type, which did not yield any coloration 
with iodine. To these latter kinds of dextrine the term 
achroo-dextrines has been applied. 

As maltose is now ascertained to be thekind of sugar 
which is mainly produced in the digestion of starch by 
diastase, this body assumed a new and considerabla 
importance in physiological chemistry, and it will not be 
out of place here to give some deBcription of its proper- 
ties. Maltose is a fermentescible, crystalline sugar of 
the saccharose (cane-sugar) class, having very little 
sweetening power, and possessing one atom less water 
than grape-sugar. Its formula is CiaH^jOn- It possesses- 
more rotatory power on polarised light than grape-sugar, 
. but has considerably less power of reducing cupric oxide. 

^^_ The rotatory power of maltose is + 150, that of grape- 
^^K sugar -f- 68. The reducing power of maltose is 61 com- 
^^^B pared to that of grape-sugar as 100. Maltose can be 
^^^K hydrolysed into grape-sugar by prolonged boiling with 
^^^^1 dilute acids. Malt-diastase does not possess this power,. 
^^^^1 hut we shall presently see ' that the diastasis ferments 
^^^P of the small intestine are able slowly to effect the same 
^^^H change. 



O'SullivaD'9 papers are pablished in tbe ' Journal ot the CbemioKl'l 

Saoiety' from 1ST3 to ISTG. A full [tccoimt of theee tegearcbee is giteail 

paper in tlie saine Jonnml for September, 1879, by H. T. Brown AuA I 

J. Heron. 
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The researches of MuscuJua and 0' Sullivan have 
rendered it Decessary to assume that the molecule of 
Boluble or liquefied starch is a composite molecule, con- 
taining Beveral members of the group C^fl^fi,^ — which 
is to be regarded as the constituent radical of the compo- 
site starch molecule. The starch molecule must in the 
fature be represented by the formula /((Ci^Hj^OmJ^the 
value of n not being yet definitely agreed upon. 

Two able cliemiata of Burton-on-Trent, H. T. Brown 
and J. Heron, have extended these researches, and fully 
confirmed the main conclusions of Muaeulus and 
O'Sullivan. In an elaborate publication (' Journ. Chem. 
Boc.,' Sep., 1879) they have for the first time presented 
a fairly complete scheme of the succession of changes 
undergone by starch under the action of diastase. 
These chemiata assume that the molecule of soluble starch 
coQBiste of ten members of the group C,^H^^O„,, and that 
itB formula should be written 10(C|3Hji|Oio). This view 
greatly facihtatea the comprehension of the progressive 
hydrolysis of starch by diastase. 

We have aeen that starch in the condition of paste or 
jelly ia distinguiahed sharply by ita physical properties 
from liquefied or soluble starch. There is therefore in 
all probability some difference of molecular aggregation 
between starch in these two states — and it will not be a 
very bold assumption to suppose that starch in the 
gelatinous state consists of still more complex molecules 
than soluble atarch^and that several molecules of 
soluble starch are grouped together to form the molecule 
of starch in the gelatinous state. 

On the ground of these assumptions we may represent 
the successive steps of the digestion of gelatinous starch 
by the following series of equations. 

The molecule of gelatinous starch is first resolved 
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into its component molecules of soluble starch. The 
molecule of soluble starch is then resolved by progres- 
fiive de- duplication and hydration into dextrine and j 
maltose by the following succession of steps :■ — 
One molecule of soluble starch 

= 10(C„H,oO,o) + StHjO) = 



3. Achroo-doxtrine a 7(C|^0,„) + 3(C|jH„0j,) 

4. Achroo-desWine e 6{C|,E„0„) +4{C,:ft,0„) 

5. Achroo-destcine y 5(0, JHaOJ + 5(C|jH„0,|) 
e. Achroo-dBXtrine S 4(C„H5,0,„) + 6(C, JI^O,,) 
7. Achroo -dextrine t 3(C|^aO|„) + 7{C|,H„0||) 
e. Achroo-destrine fl 2(C|5Ha,0,„) +e(C|5HjiO,j 

The final result of the transformation ia represented 
by the equation 

10(C, JB:,„0„,) + 8H,0 = 8{C.,H,,0„) + 2{C,^,„0,J. 

In order to render this array of equations more easy 
of comprehension to those who are unaccustomed to read 
complex chemical formulse, the ti-ansformation may be 
represented by the subjoined diagram. 

We will assume that the molecule of gelatinous starch 
consists of an aggregation of five molecules of soluble 
starch, and that the molecule of soluble starch consists of 
an aggregation of ten groups of the radical CuH^oOm, 
Each of these radicals is represented in the diagram by 
the shaded dots. The open circles represent the atoms of 
maltose which are set free at each stage of the trans- 
formation. The first act is the breaking up of the large 
molecule of gelatinous starch into its component mole- 
cules of soluble starch. Then follows the progressive 
disintegration of the latter molecules into dextrme and 
maltose. 
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■1. Erylhro- dextrine a ^@®^ 



L Achroo-destirine a 

1 Aehroo-dextrine (i 
i|. Achroo-destrine 

Kfl. Aehroo -dextrine B 

f^, Achroo-dextrine i 
r. Achroo-dextrine 



We must conceive that the energy of the ferment 
ie exercised in gradually puUing asunder the component 
groups or radicals of the unstable molecule of soluble 
starob — detaching one after another from the parent 
molecule — each radical as 800d as detached assuming an 
atom of water and beeomuig an atom of maltose. At each 
detachment the parent molecule draws its remaining groups 
together to form a new kind of dextrine. As the process 
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I goes on the dextrine molecule becomes smaller and eraaller 
— that is, contains fewer and fewer component radicals — 
the higher dextrines giving a red or brown coloration with 
iodine, but the lower dextrines giving no reaction with 
iodine. 

It is to be noted that after the transformation has 
reached its final term there still remains a portion of 
achroo- dextrine unconverted into maltose. Upon this 
remnant diastase has only a very slow action. The 
percentage result, when the reaction is completed, gives, 
in round numbers, 80 parts of maltose and 20 parts of 
achroo -dextrine. The eight varieties of dextrine indi- 
cated in the above table of equations have not all been 
obtained in the separate state, but there is strong evi- 
dence of the existence of at least several of them as 
distinct bodies. 

The account just given of the transformation of starch- 
has been deduced from a study of the action of diastase 
derived from mait. The question arises— physiologically 
an important question — whether the action of salivary 
and pancreatic diastase is identical with that of malt- 
diastase. The researches of Museulus and V. Mering ' 
gave an affirmative answer to this question. These 
observers found that sahva and pancreatic extract act on 
starch paste in the same way as malt-diastase, the final 
products in all cases being achroo-dextrine and maltose, 
and not dextrose (grape-sugar). At my suggestion Mr. 
H. T. Brnwn was good enough to submit the question to 
a fresh examination in regard to pancreatic extract. Hjb 
results fully confirm the conclusions of Museulus and 
V. Mering. He found, however, that there was a slight 
difference in the results when the action of pancreatic 
extract and malt-diastase on starch were continued a 
' Malj's Jahrcsbericht fUr Thier-Clumic for 1878, p. 40. 
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long time. The pancreatic ferment, in addition to the 
power, which it shares with malt-diastase, of slowly eon- 
verting the lowest achroo-destrine into maltose, exhibited 
a power of slowly changing maltose into dextrose (grape- 
sugar) which ia not possessed in any degree by malt- 
diastase. Mr. Brown also informs me that there ia in 
the Bmall inteetino a ferment which possesses similai" 
properties,' 

THE RESPECTIVE SHARES OF SALIVA AND PANCREATIC .lUICE 
IN THE DIGESTION OF STARCH. 

The respective shares of saliva and pancreatic juice 
in the digestion of our farinaceous food is probably 
variable and perhaps not quite identical. 

As all our farinaceous food is eaten after being cooked, 
the starch in it is more or lees completely gelatinised ; it 
19, therefore, probable that one of the chief uses of sali- 
vary diastase in man is to liquefy starch jelly. A very 
brief contact suffices for this, and it is manifest that the 
accomplishment of this change is an important advan- 
tage in the subsequent operations in the stomach. Our 
gruels, blanc-manges, puddings, and similar farinaceous 
dishes owe their thick pasty condition to starch in the 
gelatinous state, and nothing can be imagined more 
resistent to the rapid permeation of a meal by the gastric 
jnice, and to the pulping of it into a uniform chyme, 
than the presence of coherent masses of starch paste. 
If the saliva performed no other service than this, it 
would fiu-uish an important aid to the digestion of a meal. 

There has been considerable dispute as to whether, 
and how far, the sacchariiication of starch goes on in 

' See a paper bj Browa and Heron on tbe ■ Hydrolytic Fennents of 
the Pancreas and Small Intestico ' [n the Proceedings of the Boj/al 
!^/Drl880, p. 393. 
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the stomach. My own observations lead to the con- 
' clusioD that this depends on the degree of acidity of the 
contents of the stomach ; and it is known that this 
varits within very wide limits. When a meal is swal- 
lowed it takes some time for the gastric juice to per- 
meate the mass, and the acidity of the gastric contents is 
for some time feeble. Ah digestion proceeds the contents 
of the stomach tend to become more and more acid. This 
is a point which each one can observe for himself. The 
stomach is by no means reticent of its doings. The 
— posseting which we see in infants goes on in a less degree 
in the adult ; and we are perforce made aware, some- 
times inconveniently so, by our palates, of the ascending 
scale of acidity in the stomach as digestion advances. 
Saliva acts energetically in neutral and in sUghtly acid 
media, but its activity ia cheeked and finally arrested 
when the acidity becomes pronounced. When digestion 
is proceeding comfortably and normally a certain interval 
elapses before the acidity of the stomach becomes con- 
siderable, and dm'ing this interval the salivary diastase 
continues active, and has time to accomplish a good deal 
of work. But we must remember that our farinaceous 
food is, for the most part, not in the most favourable 
condition for rapid digestion. It is not generally in a 
state of mucilage — but in the form of a sohd paste, as in 
bread, puddings, and pastry. A good deal of it, too, is 
imperfectly cooked. Consequently the larger part of our 
starchy food reaches the duodenum still unchanged, or 
only partly changed, and this larger part of the work | 
is consummated by the pancreatic juice in the alkaline j 
medium of the small intestine. I shall have to return | 
to this point in speaking of gastric digestion. 

It has been noted as curious that the sahva of man , 
possesses more diastasic power than that of almost any j 
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other animal. Among the herbivora, which are such 
large consumera of starch, the sahva has comparatively 
little diastasic power ; and in some, as in the horse, it is 
almost or altogether wanting. I apprehend that this ia 
due to the fact that man alone has learnt to cook hia 
starchy food, and that the diastasic power of hie sahva 
has become developed with the opportunity for its exer- 
cise. Diastasic power would be thrown away in the 
sahva of the horae, because he eata his food in the raw 
or uncooted state, and saliva is almost without action 
on raw starch. 

WHEN CAN BTAECH BE SAID TO BE FULLY DIGESTED? 

Seeing that in the digestion of starch a number of 
intermediate products are evolved, the question arises — 
When can the digestion of starch be said to be accom- 
plished ? Is maltose the only product absorbed, or are 
not the dextrines, especiaUy the achroo- dextrin es, also 
absorbed ? The dextrines, even those coloured by iodine, 
are highly diffusible, and pass freely through parchment 
paper in dialysis. In this respect they contrast strongly 
with starch jelly, and even with liquefied (or soluble) 
starch, both of which are undialysable. It seems not 
improbable that the lower dextrines are largely absorbed. 
Because if we follow the history of starch after it has 
been transformed by digestion, and absorbed, we are 
confronted with the remarkable fact that after absorption 
the products of starch digestion, or at least a large por- 
tion of them, undergo a reconversion in the liver into a 
substance closely resembling undigested starch. Glyco- 
gen, in its essential features, is an exact counterpart of 
soluble starch. It forma an opalescent solution in water ; 
it is imdialysable, and it is transformed by diastase into 
dextrine and sugar. 
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t would be an ^M 
if our starchy ^B 



It appears reasonable to suppose that it v 
advantage to the economy if that portion of our starchy 
food which is destined to be stocked in the liver as glyco- 
gen should be absorbed at an early period of its diges- 
tion, because the less removed the digested product is 
from starch at the moment of absorption the fewer steps i 
it will have to retrace in recovering the amylaceous state 1 
after absorption. 

The annexed diagram will render my meaning clear. 
It represents, on one side of the dividing line of the ab- 
sorbent membrane, the descending steps of the digestive J 
process— and on the other side the ascending curve of the | 
reconstructive process. 

Soluble Starch 

-V 



Liver Olypogen 

It is not necessary to suppose that the ascei 
steps of the reconversion are identical with the descend- 1 
ing steps of digestion, but it is probable that theyl 
are fundamentally aliie, seeing the close similarity otm 
the products at the two ends of the journey. At any! 
rate, there is no warrant in the present state of know- T 
ledge for the opinion that sugar is the only absorbable j 
product of starch digestion. 
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ENEEOY OF DIASTASE. 



The notion that the energy of diastase is not con- 
sumed in action seema, on it, priori grounds, to be quite 
untenable — such a notion contravenes a general principle 
in physics that energy in performing work is expended 
and finally exhausted. It is easy to show experimentally 
that diastase is no exception to this rule. Payen and 
Peraoz estimated that malt-diastase was able to convert 
two thousand times its weight of starch into sugar. My 
own experiments with extract of pancreas indicate a 
much higher power than this. The following experi- 
ment illustrates at the same time the enormous diastasic 
power of pancreatic diastase and the fact that this power 
1b strictly limited. 

A quantity of starch mucilage was prepared, contain- 
ing one per cent, of pure potato starch — 100 cubic centi- 
meters of this mucilage contained exactly one gram of 
dry starch. The pancreatic extract employed was pre- 
pared in the following manner : — Fresh pig's pancreas, 
freed from fat, was rubbed up with an equal weight of 
line sand until it became a smooth uniform pulp. This 
pnlp was spread out very thinly on sheets of glass, and 
allowed to dry in the open air for a fortnight. It was 
then scraped off with a knife and formed a rough shreddy 
sort of powder. 125 gi-ams of this mixture of pancreas 
and sand were infused, at the temperature of the room, 
in 1,000 cubic centimeters of saturated chlorofoi'm water, 
with a little more chloroform added to ensure against 
decomposition. The mixture was allowed to stand for 
four days with occasional agitation, and the product was 
then filtered clear through paper. Tlie extract of pan- 
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creas thus prepared proved a very serviceable prepare- 1 
tion, and moBt of my observations on pancreatic diges- 
tion were made with it. 

This extract was found to be so extremely active that I 
it was neeeBsary to dilute it largely in order to bring the ' 
quantities of starch operated on within due eompasB. 
Accordingly a dilution was made of one cubic centimeter 
of the extract in 1,000 cubic centimeters of water. Five i 
numbered phials were then severally charged vrith 100 j 
cubic centimeters of the prepared starch mucilage — sol 
that each phial contained exactly one gram of dry starch. 
One cubic centimeter of the dilated pancreatic extract I 
was added to phial No. l^two cubic centimeters to No. ] 
2 — four cubic centimeters to No. 8 — six cubic centi- 
meters to No. 4^and eight cubic centimeters to phial No. 
5. The phials were then corked and placed in the warm 
chamber, where the temperature was steadily maintained j 
by a Page's regulator at 100" F. (38° C). 

At the end of twenty hours the contents of the phials I 
were examined. All of them were perfectly transparent, J 
and had entirely lost the opalescent appearance of the ] 
original starch mucilage, and not a vestige of sediment I 
existed in any of them. The following reactions indicated 
the progress of the transformation. 

No. 1 gave an intense blue coloration with iodine, 
and when the blue solution was largely diluted and n 
iodine added it developed a violet tint which showed thel 
presence of erythro- dextrine; it also reduced the cupro-l 
potassic solution freely. 

No, 2 gave a strong blue reaction with iodine, and by« 
diluting and adding more iodine the colour changed tofl 
a deep claret-red, indicative of abundance of erythro- T 
dextrine. This and all the rest gave a strong sngarl 
reaction with FehUng's solution. 
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No. 3 yielded no blue reaction with iodine, but an 
intense port-wine coloration of erythro-dextrine. 

No. 4 gave no blue reaction with iodine, and only 
the faintest possible brown coloration with that reagent, 
showing only traces of erythro -dextrine. 

No. 5 exhibited not a vestige of reaction with iodine. 
It contained neither stai'ch noi erythro-dextrine, but it 
yielded a strong sugar reaction. 

The trajisformation of No. 5 might be regarded as 
complete, but the rest still contained starch or erythro- 
dextrine, or both. Nos. 1, 2, 3, and 4 were restored to 
the warm chamber, and re-examined at the expiration of 
seven hours. No. 4 no longer gave the ahghtest reaction 
with iodine, but Nos. 1, 2, and 3 showed only slight signs 
of further alteration, and were returned to the warm 
chamber. 

At the end of forty-eight hours from the commence- 
ment of the experiment, Nos. 1, 2, and 3 were examined 
a^iain. 

No. 1 showed a strong blue coloration with iodine, 
and also a strong reaction of erythro-dextrine. 

No. 2 no longer gave any blue tint with iodine, but 
it exhibited an intense erythro-dextrine reaction. 

No. 3 only gave a yellowiah-brown reaction with 
iodine of moderate intensity. 

After a further sojourn of seventy hours in the 
warm chamber the contents of the three phials were not 
found to be sensibly altered — they gave exactly the same 
reactions as before. It was evident that in these phials 
the diastasic action had run its course to an end within 
the period of forty-eight hours, and that the solutions 
had then come to a state of rest — the ferment had 
litierated all its energy^the limits of its power had 
been reached— and the task allotted to it was left un- 
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finished. Neyertheless it ha.d accomplished a.u amount 1 
of work which, considering its infinitesimally minnte'B 
mass, appears marvellouB. We shall now endeavour mm 
measure approximately the amount of this work 
indicated by the above experiments, 

The original pancreatic extract, when evaporated toj 
dryness on a water-bath, was found to leave a residufr| 
of 1-5 per cent, of organic matter. This organic matter i 
included, besides diastase, a quantity of proteolytic 
ferment (trypsin) and a certain quantity of the milk- 
eurdling ferment. It also included a certain quantity of 
digested proteid matter — for in making an extract of the 
pancreas there is always accomplished some self-diges- 
tion of the glandular tissue. 

Taking into account these various admixtures, it 
would appear a very liberal allowance to estimate the ] 
diaatasic ferment as amounting to one-fourth of the total ! 
organic matter. This would give us for the original 
extract a proportion of diastase in round numbers of , 
0-4 per cent., and for the diluted extract of 0'0004 per J 
cent. 

The proportion of diastase added to phial No. 
seems to have hit o£E with precision the limit of quantity 
required to transform one gram (15"5 grains) of starcl 
in forty-eight hours at a temperature of 100" F. (38° C.)l 
The amount of diluted extract added to this phial i 
6 cubic centimeters, and on the basis of the above ei 
mate this represents a quantity of net diastase amounM 
ing to 0'00024 gram. This yields us by an easy calcu- 
lation the astounding result that pancreatic diastase is 
able to transform into dextrine and sugar no less than 
40,000 times its own weight of starch.' 

' Marrelloiia na these numhars are, Mr. Horace Brown (whose joint 
p&per with Mr. Heron, already referred to, has been my cbieC gaide in 
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Ie Hpeed at which a given quantity of starch is 
irmed by diastase depends essentially on the pro- 
portion of ferment brought to act upon it. In the above 
experiments the proportion of diastase was very minute 
in comparison with the amount of Etareh, and the action 
went on slowly for forty-eight hours. But if we reverse 
theee proportions and mix a small amount of starch 
with a large amount of diastase, the transformation is 
instantaneously accomphshed. 

If a test-tube be half filled with an active extract of 
pancreas and a few drops of starch mucilage be quickly 
shahen therewith, you cannot detect the reaction of 
starch or dextrine in the mixture, however prompt you 
may be with the testing — the transformation has followed 
on the admixture as instantaneously as tlie explosion of 
the charge follows the fiill of the trigger. Between these 
extremes there are all gradations. This mode of action 
differs entirely from what ia seen in the operation of 
ordinary chemical affinity. If you add a drop of acid 
to an excess of alkali, the acid ie instantly neutralised 
and the action comes to an end ; and, conversely, if you 
add a drop of alkah to an excess of acid, the action is 
equally instantaneous ; the affinity of the two bodies for 
each other is a mutual affinity. But this is not the case 
with the action of diastase on starch. The starch ap- 
pears to be entirely passive in the process ; all the energy 
is on the side of the diastase, and this energy can only be 
liberated gradually. There is something in this strikingly 
soggeBtive or reminiscent of the action of hving organ- 
To illustrate my meaning, let us compare the 

LTjing to work out the theorj ot starch digeatloa] inforius mo in a 
private commimicalion that he has arrired at numbers atill more wooder- 
estimating the transforming power of malt-eitraot on tho higher 
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particleB of the ferment to a baud of living workmen) 
whose frmctioD is to scatter little heaps of atones. H 
the heaps are few and the workmen many, all the heaps 
will be scattered at onee, and the energy of the workmen 
will still remain sensibly unimpaired. But if the beap9' 
are millions and the workmen hundreds, and if the work- 
men are doomed to labour on until they fall exhausted, 
at their task, the scattering of the heaps will go on foE 
a comparatively long time and the process of exhaustion 
will be a gradual one. 
, I may here mention that the diastasic ferment does 
not exist in the saliva and pancreatic juice of young 
suckling animals — except in minute proportions. ItB 
quantity increases when the teeth are cut. In th< 
human infant diastase does not appear to exist in suffi- 
eient abundance to digest starchy matters effectively 
until about the sixth or seventh month. Until thia 
period it is therefore not advisable to administer fari- 
naceous food to infants. 

DIOE9TI0N OF CASE-BUOAB— INVEESIVB FEHMKHT. 

Bernard ' first called attention to the fact, already 
mentioned, that cane-sugar (saccharose) required diges- 
tion both in animals and plants before it could be usei} 
in nutrition. The cane-sugar stored up in beet-root ani 
in the sugar-cane is changed by ferment-action into in* 
vert-sugar before it is permitted to circulate in the sap 
and take part in the nutritive operations of the plantt 
He found also that an analogous transformation waS 
requisite before cane-sugar could be assimilated In 
animals. He states that when cane-sugar is injecteq 
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into the blood it circulates therein as an inert body, and 
la in no degree used as nutriment by the tissueB, but is 
eventually entirely removed, unchanged, with the urine. 
Cane-sugar is, however, an important article of food, 
and is consumed by us in large quantities every day. 
And we know that when thus consumed it does not 
behave like an inert matter— circulating awhile in the 
Mood, and then being eliminated by the kidneys as a 
waste product. It is evidently absorbed and assimilated, 
and must therefore, somewhere or other, be transformed 
or digested in animals as it is in plants. Reasoning 
in this way, Bernard sought for an inversive ferment for 
cooe-BUgar in the ahmentary tract ; and after searching 
in the saliva, in the stomach, and in the pancreas in 
vain, he at length discovered it in the small mtestine. 
In the small intestine he found that cane-sugar was 
transformed into invert-sugar, and by a similar ferment 
with that destined for analogous purposes in yeast, in 

Kiot and in the sugar-cane, 
e transformation of cane-sugar into invert-sugar 
eeented by a very simple equation : — 
:„....™„..-. 
. ,.flall intestine of dogs, rabbits, birds, and frogs. 

Balbiani found it in the intestine of the silk-worm. It 
was recognised by myself in an extract of the small in- 
testine of the pig, the fowl, and the hare. It does not 
eiist in the large intestine. 

But although my observations on this subject coincided 
in the main with those of Bernard, I noted two points 
which I think merit further attention. The first was 
t while a piece of small intestine infused in. wa-te^ 



yielded a mistore which was capable of inverting cane- 
angar, the same infusion when filtered throngh paper 
until it was perfectly clear had no snch power. It 

seemed as if the inversive ferment did not pass freely, if 
at all, into true solution, bnt remained attached to some 
of the formed elements contained in the intestine. The 
second point I noticed was the extreme slowness of the 
action. When cane-sugar was added to the unfiltered 
infusion of intestine, and the mixture maintained at 
blood heat, it generally took a conple of hours before a 
reducing effect with the copper test c-ould be obtained. 
Both these cireumstanees reminded one of the action of 
formed ferments, and I could not help thinking that 
there was here something which required clearing up at 
some future time. 
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[BTION OF PEOTEIDS— THE MILK-CUEDLING FERMENT— 
THE EMULSIVE FERMENT. 

{Second Lumleian Lecture.) 

BcxHiBY : — Pepsin and tiTpsin and the digeEtion of proteids — Nature of 

the acid of gaattic jaiee — Effect of gastric Jnice qd the iialivtuy aoA 

. pancreatic fermeuts — Digestive proteol jais— Charactere of peptonea 

^^^^--ComparisOQ of the action of pepsin and tiTpsin— Peptogeii3— The 

^^^^K^-curdUng ferment — The emulsive ferment and the digestion of 

Vaeious kinds of albmninoua or proteid eubstaneea 
are used by mankind as food. The most important of 
these are muscular flesh, the casein of milk, and egg- 
' albamen from the animal kingdom — and gluten, albn- 
men, andlegumen from the vegetable kingdom. 

Proteida are attacked by the digestive ferments at 
two points in the alimentary canal, by pepsin in the 
stomach, and by trypsin in the small intestine. Between 
these two acts of digestion there is a complete break in 
the duodenum, owing to the abrupt change of reaction 
from acid to alkaline which occurs at that point. 

Gastric digestion is, in all creatures, an essentially 

acid digestion ; but the most varied opinions have been 

I entertamed as to the nature of the acid. It has been 

I Bupposed in turn to be hydrochloric acid, lactic acid, 

acid phosphate of lime, butyric, and even acetic acid. 
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Much of this confusion has arisen from not distinguiab 
ing between the acid of pure gastric juice as secrete 
into an empty stomach and the acid of the gastri 
contents during the digestion of a meal. A good c 
Ught has been thrown on this subject by the recetl 
researches of C. Eichet.' This observer found himst 
in eseeptioaally advantageous circumstances for th 
study of the gastric juice. He had under obaervatio 
a young man on whom Verneuil had successfully pei 
formed the operation of gastrotomy for the rehef < 
impermeable stricture of the oesophagus, the result ( 
swallowing inadvertently a quantity of caustic potad 
The complete occlusion of the cesophagus enabled Richt 
to obtain and examine the gastric juice in a pure stafa 
uQcontaminated with sahva. AU food bad to be a^ 
ministered through the fistulous opening left afte 
recovery, and the observer could at any moment — as i 
the famous case of Alexis St. Martin — withdraw portioi 
of the gastric contents for examination. Eichet alj 
took advantage of the new method of separating t 
various organic and mineral acids from one anott 
made public by Eerthelot in 1872.^ 

Berthelot had found that, if you shook up an aqueoni 
solution of any acid with ether, and then allowed the 
two fluids to separate, a part of the acid passed 
into the ether, and that the remainder clung to 1 
water, and that the ratio between these two parts was I 
constant quantity. He called this ratio the coefficient 4 
partage, and found that its value was a fixed eharacta 
istic for each particular acid. Solutions of the r 
acids were found to yield nothing, or almost notlii 
to ether when agitated with it^but organic acids i 

' Du, Sue Oastriqjie, by Ch. Biohet, Paris, 1878. 

' Ann. de Chimie tl de Phytigue, i' sine, t. xxri., p. 396, 
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found to pass into the ether in considerable, though 
I very variable, quantities— the proportion varying in a 
constant ratio according to the nature of the acid. 

Testing pure gastric juice, uncontaminated with food 
1 or saliva, by this method, Eichet found that almost all 
; the acid was retained by the water, and that only a 
small pi;oportion — about one in twenty-two — passed into 
the ether. This showed that the acid of pure gastric 
juice was almost entirely a mineral acid, with only a 
minute admixture of organic acid. The organic acid 
(tested by the same method) exhibited a coefficient of 
partage closely corresponding with that of sarcolactic 
acid. The nature of the mineral acid was determined 
by a method similar to that employed by C. Schmidt, 
and yielded the same result — namely, undoubted evi- 
dence that the mineral acid of pure gastric juice was 
hydrochloric acid. But Richet found that this mineral 
acid did not behave in the presence of salts of the 
organic acids quite m the same way as free hydrochloric 
acid does. The observations of Berthelot had showji 
that when free hydrochloric acid is added to a solution 
of acetate of soda, or other similar organic salt, the 
mineral acid attaches the base entirely to itself, and 
throws the whole of the organic acid free into solution — 
BO that the mixture when tested by the method of 
coefficient of partage behaves exactly like an immixed 
solution of the organic acid. 'WTien pure gastric juice 
was put to this test it was found that, although it hbe- 
Tftted the organic acid largely, it did not do so to the 
same extent, by a good deal, as if the mineral acid con- 
tuned in it had been entirely free. It behaved, rather, 
u hydrochloric acid does when united with a feeble 
organic base, such as leucin or peptone — and, on the 
)und of what appear to be very careful experiments, 
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Eichet came to the concluaion that this feeble base "wtM 
probably leucin, derived from the gastric mucus, and' 
that the acid of pare uncontaminated gastric juice was: 
hydrochloric acid in loose combination with leucin,' 

Eichet next proceeded to examine the free acid 
actually existing in the stomach during the digestion of 
a, meal in his patient with gastric fistula. He £oud( 
might have been expected, that this differed from the. 
acid of pure unmixed gastric juice — in this respeet^ 
namely, that it contained a very much larger proportios 
of organic acids, in comparison to the mineral acid, than 
pure gastric juice. It was evident that the mineral acicl 
had to a large extent seized upon the bases of tha 
acetates, malates, lactates, butyrates, and other organic 
salts always present in the food, and had set free theii 
organic acids. The real work of digestion, then, so iaa 
aa the acid constituent is concerned therein, is largely 
performed by various organic acids thus set free front 
the articles of food which are undergoing digestion. 

Richet found that the acidity of the contents of thf 
stomach during digestion, although it varied throuj^ 
considerable limits, had a marked tendency to maintais 
the normal average. If acid or alkali was added to th( 
digesting mass the mean was presently restored auto 
matically — the stom|,ch in the former case ceasing t 
secrete acid, and in the latter case secreting an increasei 
quantity of acid. 

' There ate other proofe that the acid nt the gastric juice is not ttt 
bjdrochloria acid. It vas iihowc by^ BcrnaJ''! that tree hjdrochloK 
acid, eveii in the proportion of one in a thousand of water, diasoltS 
oxalate of lime— but gastric juice possesses no Buch power. Btondlf 
likewise proved that gastric juice does cot decompose carbonate of lime-^ 
whereas the feeblest dilutions of tree hjdrocMorio acid do so. 
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EFFECT OF GASTRIC JUICE ON THE SALIVARY AND 
PANCREATIC FERMENTS. 

' The observfttione of Berthelot on the power of a 
mineral acid to aet free the acids of organic salts, and 
to take their place with the bases — and the further 
obaervationa of Bichet, showing that the aeida actually 
free in the gastric contents during digestion were 
organic acids, have led to the re-examination of a point 
of aome importEince, namely — ae to whether the sahvary 
and more especially the pancreatic ferments were or 
were not destroyed by the acid contents of the stomach. 
The matter has a practical interest iu this way. If the 
gastric acid destroys tbeae ferments, it is evidently use- 
less to administer pancreatic preparations by the mouth 
during digestion, because they would be rendered inert 
by the acid contents of the stomach. On the other 
hand, if they are not destroyed in passing through the 
stomach, but merely Ue dormant and recover theii' 
activity in the alkaline medium of the small intestine, 
then we can administer pancreatic preparations during 
digestion with every prospect of their passing uninjured 
through the pylorus and proving useful in assisting 
digestion in the small intestine. 

A series of esjjerimenta bearing on this question were 
submitted by T. Defresne to the Academic de Medecine 
and the Academie des Sciences towards the close of 1879, 
and have attracted some attention. On the ground of 
the experiments Defresne arrived at the following con- 
cluBions— namely, that saliva continued its action on 
etaroh in the stomach without interruption — that the 
pancreatic ferments in like manner preserve their activity 
ifi tii6 presence of the gastric acid — that the acids of the 
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chyme, being organic acids, did not really destroy theae 
ferments, but merely reduced them to a state of tempo- 
rary inertness ; so that when the acidity of the chyme 
was neutralised in the duodenum they recovered their 
powers aiid exhibited undiminished activity both on 
starch and proteids. 

Ah the question had a direct bearing on the medi- 
cinal administration of pancreatic preparations, and 
indirectly on the administration of malt-diastase and 
malt-estraet, I thought it desirable to repeat some of 
Defresne's experiments, and to put the question raised 
by these experiments to the test in other ways. 

One of Defresne's (apparently) most convincing 
experiments was the following, which I give nearly in 
the words of the abstract of the paper published in the 
' Proceedings of the Academie de Medecine ' for Nov. 4, 
1879. "When 20 grams of dilute hydrochloric acid, 
having twice the acidity of the normal chyme (which ia 
estimated as 2 per 1000 of HCI), are mixed with 20 
grams of egg-albumen — what follows ? The acidity of 
the medium is no longer due to free hydrochloric acid^ 
but to the lactic and phosphoric acids of the white-of- 
egg which have been set free. In presence of t 
acids pancreatine may be digested for two hours in the 
warm chamber with impunity. And if, at the end of 
this period, the acidity of the mixture be neutralised, 
digestion is accelerated and the pancreatine peptonises 
38 times its weight of albumen. 

I repeated this experiment in the following maimer 
40 grams of boiled and chopped white-of-egg were mixed 
with 40 cubic centimeters of dilute hydrochloric acid of 
the strength of 4 per 1000. This mixture was subjected 
to a preliminary digestion of two hours in the warm 
chamber at 40° C. The object of this preliminary diges- 
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tion was to allow the hydroehloric acid a sufficient time 
to seize on the bases, and to set free the organic acids of 
the white-of-egg. At the end of this time 5 cubic centi- 
meters of an active extract of pancreas were added to the 
mixture. A second experiment was arranged iu exactly 
the eaine way, except that filtered saliva was substituted 
for extract of pancreas. The mixtures were kept in the 
warm chamber for a farther period of one hour, and 
were then filtered and carefully neutrahsed. On testing 
the neutralised filtrates, I obtained approxiraatively the 
same results as Defresne. The diastasic and proteolytic 
ferments of the pancreatic extract were found active, but 
not so active by a good deal as if the extract had been 
diluted to the same extent with simple water. In the 
second experiment with the filtered saliva, the ptyalin 
had preserved its activity quite unimpaired. 

These experiments, however, involve a fallacy which 
vitiates the deductions intended to be drawn from them, 
White-of-egg has a highly alkaUne reaction, and although 
the acid used in the experiment possessed double the 
strength of the normal gastric juice, it was found that 
the mixtures, at the end of two hours' digestion, had 
only a comparatively feeble acidity — in fact, only one- 
Beventh of the normal acidity of the gastric contents. It 
has long been known that the saUvary and pancreatic 
ferments are able to resist a feeble acidity, but the ques- 
tion really at issue is : Can these ferments resist the 
average acidity of the contents of the stomach, when, 
moreover, this acidity is rendered still more destructive 
to them by the presence of pepsin '? 

I tested the question in this way. A distinction is 
drawn, and rightly, between acidity due to free hydro- 
chloric acid, and a similar degi^ee of acidity due to an 
oic acid. Now, lactic acid is a typical organic acid. 
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and it is also an acid which ia often, if not always, pre- 
sent in the contents of the atomach during digeation, I 
prepared a solution of lactic acid corresponding in satu- 
rating power to the normal gastric acid (2 per 1000 
HCl). To 50 cuhic centimeters of this dilute lactic acid 
I added 5 cubic centimeters of a solution of pepsin and 
5 cubic centimeters of an active extract of pancreas. I 
prepared a second similar experiment, but substituted 
filtered saliva for pancreatic extract. The mixtures were 
then placed in the warm chamber for one hour. At the 
end of this period the solutions were exactly neutralised 
and tested. They were both found to be absolutely inert. 
Not a vestige of amylolytic nor proteolytic power had 
escaped destruction. 

I had an opportunity of trying the same question in 
a still more satisfactory way. While I was examining 
the throat of a patient Buffering from an ailment which 
did not affect his general health, a portion of the con- 
tents of the stomach was ejected, and fortunately caught 
ia a clean vessel. This was immediately filtered, and 
about 10 cubic centimeters of clear acid solution were 
obtained. The period of digestion was three hours after 
breakfast. One half of this was devoted to testing its j 
saturating power. It was found to possess an acidity I 
very nearly corresponding with that of normal chyme. 1 
To the remaining ^jortion five drops of extract of pancreaa J 
and five drops of filtered sahva were added, and the mix-r 
ture was placed in the warm chamber for one hour. AtB 
the end of this time it was exactly neutralised, and! 
divided into two equal portions. One portion was teated..! 
with a drop of atarch-mueilage, and found to be . 
lutely devoid of amylolytic power. The other portioaJ 
was added to an equal volume of milk rendered slightly- 
alkaline with bicarbonate of soda, and was then placedl 
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in the warm chamber. Not the slighteat digestive action 
' was produced on the milk in twelve hours. 

I may mention tha.t in the above experiments I used 
milk as the test of proteo!ji,ic activity. I had become 
thoroughly famihar with the behaviour of milk with 
pancreatic preparations during a long course of observa- 
tions, and was therefore able to detect the slightest signs 
of pancreatic action. 

With this evidence before me, I am unable to accept 
the conclusions of Defresne and others in Paris who 
allege that saliva and pancreatic preparations can resist 
the normal acidity of the stomach in full digestion, and 
who recommend the administration by the mouth of 
pancreatic preparations during the period of chymifi- 
j cation. I will in my next lecture point out the time 
and the method in which these preparations may, I 
believe, be tidmimstered by the mouth with some pros- 
pect of success. 



DIGESTIVE PROTEOLYSIS. 

The changes undergone by albuminoid substances in 
digestion are still very imperfectly understood. It is, 
however, known that the chief end-product of the trans- 
formation is peptone. It is also known that between 
any native proteid^ egg- albumen, muscle- fibrin, casein, 
or legumin — and the end-product peptone there are 
intermediate grades and by-products which have 
hitherto proved difBcult to define and isolate. The con- 
stitution of the proteid molecule is still unknown to 
chemists. That it is a highly complex aggregation is 
certain ; and it can scarcely be doubted that the way to 
a better knowledge of its constitution hes in a persever- 
ing study of the action on it of the digestive ferments. 
It has been already seen that in the case of starch the 
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action of diastase furnishecl the key to the constitution 
of the starch molecule — and, similarly, it :g not un- 
reasonable to expect that the mystery of the proteid 
molecule will be finally solved by a study of the action 
on it of pepsin and trypsin. Attention has hitherto been 
too exclusively directed to peptic digestion, which is 
complicated by the inter-action of an acid. Pancreatic 
digestion is, in this respect, a simpler process — inasmuch 
as it requires the interference neither of an acid nor of 
an alkah, but is a reaction, pure and simple, between the 
ferment and the proteid. This, however, is a question 
of the future. 

Characters of Peptones. — The end-product peptone has 
been fairly isolated and its characteristics defined. If 
the filtered product of a pancreatic digestion of egg- 
albumen be evaporated to dryness in a watch-glass at a 
temperature of 104° Fabr. (40° C.) there remains a 
glassy straw-coloured residue resembling dried gum. 
With the point of a penknife this can be chipped off in 
shining scales, which may be easily reduced to a fine 
whitish powder — this is nearly pure peptone. This sub- 
stance is extremely soluble in water : and its solutions, 
even when highly concentrated by evaporation, betray no . 
jellying, and no viscosity, but continue diffluent almost i 
to the moment of desiccation— only just before drying I 
ap do they assume a slightly syrupy consistence. T 
the latter point is approached the solution deposits I 
beautiful white crystalline sheaves of tyrosin and spheres I 
of leucin. From the constancy with which these crystal- 
line bodies make their appearance in pancreatic digestion J 
it may be inferred that they constitute an essential por- 
tion of the final products of the transformation. 

The reactions of peptone are mostly of a negative"! 
character. Its solutions give no precipitation with iiitric'l 
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acid, nor with boiling, nor with ferrocyanide of potassium 
and acetic acid. The behaviour of peptone with alcohol 
is peealiar. When a strong peptone eolution is dropped 
into absolute alcohol the peptone is precipitated as a 
white sediment, but it is not truly coagulated into an 
insoluble modification, as all the other proteids are, for 
■when the alcohol is removed the deposit is found to have 
preserved its solubility in water —even after prolonged 
contact with the alcohol. Solutions of peptone are pre- 
cipitated by those metalhe salts which throw down other 
proteids, also by tannin when the solutions are neutral. 
When the solutions arc rendered alkaline, the eupco- 
potassie test (Fehling'a solution, added in very small 
quantity) produces a rose-red coloration, whereas other 
proteids produce a violet tint, Physiologieally, by far 
the most important reactions of peptone are its extreme 
solubility in water and its diffusibility through organic 
membranes. With regard to the latter point, contradictory 
statements have been made by different investigators. 
Otto Funhe rated the diffusibility of peptone through the 
membrane of the small intestine higher than that of 
common salt. On the other hand, V. Wittich concluded 
that peptones did not pass through parchment paper 
more rapidly than unaltered albumen. My own observa- 
tions support the view that peptone is incomparably more 
<li£fuBible through parchment paper than the native pro- 
teids. In the case of milk the effect of digestion is very 
marked in regard to its behaviour in the dialyser. When 
milk was diaJysed for forty-eight hours into twice its 
Toltmie of water, not a trace of proteid matter could be 
detected in the diffusate ; but when milk had been pre- 
viously digested for a couple of hours with pancreatic 
extract, an abundant reaction with tannin and Fehling's 
^lotion was obtained after dialysing it for eight hours. 
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My results with egg-albumen were equally striking. 
I prepared a solution by agitating white-of-egg with nini 
times its bulk of water, and straining the product through 
muslin. When this solution was dialysed into twice its 
volume of water for thirty-two hours it yielded absolutely 
no reaction with tannin nor with the eupro-potasaic test. 
But when the same solution was previously digested, 
either with pepsin and acid or with pancreatic extract, 
and then dialysed, it gave in five hours a slight but 
distinct reaction, both with tannin and with Fehling's 
solution, and in sixteen hours a most abundant reaction. 

The theoretical views held by physiologists in regard 
to the intimate nature of the transformation undergone 
by proteids in the presence of pepsin and trypsin are 
still unsettled, but recent opinions converge towards the 
idea that the process is, in the main, one of progressive 
de-duplication with hydration, similar in type to the 
transformation of starch by diastase. This view receives 
a positive support from the recent analyses of Henninger. 
By operating on highly purified albumen, fibrin, and 
casein, Henninger ' succeeded in obtaining peptones in a 
state of great purity. An analysis of peptones so obtained 
indicated that they contained less carbon and nitrogen, 
and proportionately more hydrogen, than their origini 
proteids. The differences were, it is true, small, but thei 
pointed distinctly in the direction of the conclusion thai 
there was a fixation of the elements of water by thi 
proteid in the course of its transformation into peptone., 

Henninger also believes that he has succeeded 
reversing the process, and in reproducing an albuminoui 
substance from peptone by operatmg on it with dehy. 
drating agencies. lie found that when fibrin-peptont 
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was heated with anhydrous acetic acid at 80° C, or 
was maintained for an hour at the temperature 160° to 
180° C, it yielded a body which agreed closely in its 
reactions with syntonin. 

The mtermediate products which are generated in 
the course of proteid digestion, and stand between the 
original proteid and the end-product peptone, are very 
imperfectly understood. The laborious researches of 
Meiesner and Kuhne have shown that BeveraJ such inter- 
mediate bodies are produced, but these have not yet 
been adequately isolated and defined, 

COMPAEI80N OP THE ACTION OF PEPSIN AND TRTPSIN. 

The action of pepsin and trypsin, although similar 
in the main results, is certainly not identical. There is 
a markedly larger production of leucin and tyrosin in 
tryptic than in peptic digestion. Moreover, the action i 
of the two ferments on different proteids appears to vary \ 
both in character and in energy. Milk is much more 
readily digested by pancreatic extracts than by artificial 
gastric juice ; but in the ease of egg-albumen the advan- 
tage lies decidedly with the gastric juice. The study of 
the digestion of egg-albumen by the two methods yielded 
some interesting results. I employed for this purpose a 
dUntion of egg-albumen (obtained from fresh-laid eggs) 
with water, in the proportion of one in ten. This remains 
oneoagulated after being boiled in the water-bath, and 
furnishes a favourable medium for studying the digestion 
of albumen — more favourable in some respects than the 
chopped boiled white-of-egg usually employed. It per- 
mits the ferment to be at once brought into uniform and 
intimate contact with the particles of the albumen, thus 
obviating the irregularity and want of constancy which 
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necessarily attends the operation of a solvent acting on 
Bolid pieces of variable size, which can only be attacked 
progressively from their surfaces. In the raw state thii 
solution is digested with extreme slowness by artificial 
gastric juice ; and pancreatic extract is nearly inert on. 
it ; but after being boiled it is attacked with energy by 
both the gastric and the pancreatic ferments.' When 
the boiled solution was treated, in the warm chamber, 
with pepsin and hydrochloric acid, the trans formatioD 
of the albumen went on rapidly and without inten-up- 
tion to its close. In the earlier periods of the action the 
mixture gave a dense precipitate with nitric acid and 
with ferrocyanide of potaasinm ; but this precipitation 
became progressively less and less pronounced, until at 
the end of two or three hours these reagents only pro- 
duced a slight haze. The albumen was now completely 
digested, or at least as nearly so as could be reached, 
for this remnant of a reaction persisted even after a 
further digestion of twenty-four hours. 

When the same solution was treated with pancreatic 
extract the progress of events was different. For an 
hour or two (the time varying with the quantity of 
extract added) there was no apparent change — but at 
the end of this time the mixture lost its diffluent con- 
dition, and became converted into a gelatinous mass 
exactly resembling a thin starch jelly. By-and-by the 
gelatinous matter broke up into little masses, which 
floated in a transparent hquid. At this point the action 
seemed to be arrested. The iloating masses of jelly 

' In cooking this solution it is tidyisable to use the water -trith. for 
otbemiBS some ot the albumen coagulates and cskes on the bottom of 
Che vessel, SDd the liiiniil froths up in an inoonveDicnt manaer. If the 
eggs from which the albumen has been obtained are not freshly laid some 
coagulation will occur on boiling the solntion. The addition o( a drop 
o£ ammonia obviates this. 
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remained almost undiminished in quantity after twenty- 
four and even forty-eight hours. When the mixture was 
filtered the hquld portions came through perfeetiy trans- 
parent, and the jelly-like matter was left on the filter. 
The filtrate was found to be a rich and nearly pure 
solution of peptone — uneontaminated with any un- 
digested or half-digested albumen. The jelly-like matter 
was found to be insoluble in water, hot or cold, but it 
dissolved readily in acids, and was rapidly digested by 
pepsin and hydrochloric acid. 

If a large amount of pancreatic extract was used 
a considerable proportion of the jelly-hke matter was 
slowly dissolved — but the main result was always the 
same — the pancreatic ferment was only able to convert 
a part of the albumen into peptone, whereas the gastric 
ferment converted the entire quantity, with the exception 
of an insignificant residuum. 

In the case of milk the relation of the two ferments 
IB reversed. Tryptic digestion of milk is rapid, and 
leaves only a very slight residue — whereas peptic digestion 
is slow, and leaves a large residue. I have some further 
obBervations to make on the digestion of milk by trypsin, 
bnt it will be more convenient to take up the subject 
when I come to the use of pancreatic extract for the 
preparation of artificially digested food.' 

The primary function of the pepsin acid of gastric 
juice is evidently to get the albuminoid matters into 
solution rather than to peptonise them. Bernard ranked 
pepsin low as a peptonising agent. He looked on gastric 
digestion as a hasty preparatory process, introductory to 



' MoBl observers have noticed tlie occurrence o( tliia indigestible 
residanm (named Dyspeplcme bj Meissner) in the artificial goattic digea- 
tion of proteids. I bave noticed the same in thu digeBtion of milk b; 
{Maneslic e: 
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the more perfect inteBtinal digestion. This seems to me ] 
a truthful view. The rapidity with which boiled egg- ■ 
albumen is dissolved by an active preparation of pepsin 1 
is very striking — bat the matter in solution is not, as is I 
well known, really digCHted — it is merely liquefied, and I 
is nearly all re-ptecipitated by neutralisation . The later I 
stages of digestion —those which approach or reach up to I 
peptone — appear to be performed by pepsin very slowl^S 
and as it were with difficulty. The case is quite other-1 
wise with trypsin. The action of trypsin on BolidT 
albuminoid masses is exceedingly slow and imperfect — M 
but its action on liquid casein, as it exists in milk, 
marked by a rapidity and completeness of which there IbiI 
no parallel example in the case of pepsin. 



PEPTOGENS. 

I may here advert to a singular view advanced by 
Schiff in regard to the production and secretion of pepsin 
and trypsin, Schiff found that when an insoluble aliment 
such as boiled white-of-egg (or fibrin, or meat which hai 
been deprived of its soluble portions) was introduce 
into the stomach of a fasting animal no pepsin wai 
secreted, and the albumen remam undigested; but i 
with the albumen certain soluble aliments were introdueej 
into the stomach, then pepsin was produced, and dig( 
tion immediately began. 

To these substances, which had the power of pw 
voking the formation and secretion of pepsin, Sehi 
gave the name of peptogevs. Among the most efF6ctil| 
peptogens were found to be solutions of dextrine, extrai 
of meat (or soup), infusion of green peas, bread (whiol 
contains dextrine), gelatin, and peptones. On the oth( 
hand, solutions of grape-sugar, soluble starch, fat-emQj 
sion or gum had no peptogenic effect ; and xnilk ; 
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coffee had not much. Schiff further found that pepto- 
genic aubstaacea were just as effective when they were 
injected into the blood, or into the cellular tissue, or 
introduced as enemata into the rectum, aa when they 
were introduced dii-eetly into the atomaeh. On the other 
hand, when peptogens were injected into the small in- 
teatine their influence was not observed — their effect 
seemed to be annulled by some action of the mesenteric 
glanda, or by some change induced in them in their 
passage along the thoracic duct. 

On the ground of these experiments — and they were 
numeroua and oft repeated, and gave constant and de- 
cisive reaults^he concluded that the absorption into the 
blood of these soluble aliments was a neceasary pre- 
liminary of proteid digestion — that no pepsin nor trypain 
was secreted unless these substances existed beforehand 
in the blood. The first act, according to Sehiff, of gaatrie 
digestion was the absorption from the constituents of a 
meal of these soluble peptogens by the veins of thL' 
stomach. On this followed immediately the secretion of 
pepsin and the commencement of digestion proper,' 

These views and experiments of Schiff have not been 
allowed to pass without challenge, but they have not yet 
been overturned. If they should be substantiated they 
■will give, curiously enough, a scientific sanction to the 
prevailing custom of commencing dinner with soup. 

e Lefcms sur la Physidogie de la Digestion. PariE, lSfi7, t. ii., 
B, SOO et seq., where the experimental evidence on which he relies is get 
b ftt length. 
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THE MILK- CURD LING FERMENT — EBNNIN. 






You all know that one of the most striking properties 
of gastric juice is to cui-dle milk. This property is 
utilised on a large scale in the industrial art of making 
cheese. Rennet, which has been need for that purpose 
from remote antiquity,' is simply an infusion of the 
fourth stomach of the calf in brine. The curdling of 
casein by rennet does not depend upon the acid of the 
gastric juice, for it takes place when the milk is neutral 
OF even faintly alkaline. It has until lately been beheved 
that this property was an inherent attribute of pepsin, 
but this opinion is no longer tenable. Briicke succeeded, 
by a process I need not particularise, in producing pepsin, 
which had an energetic action on proteids, but which did 
not possess, except in the feeblest degree, the power of 
curdHng milk. Mr. Benger also found that an extract 
of pig's stomach in saturated brine, while it possessed 
energetic action as a milk-curdler, had comparatively 
only feeble proteolytic powers. We must, therefore, 
regard the agent in gastric juice which curdles milk aa a 
distinct substance from pepsin. 

In the course of my experiments on pancreatic extract 
I made the unexpected observation that the pancreas also 
contained an agent capable of curdling milk. I found 
this property in the pancreas of the pig, the sheep, the 
calf, the ox, and the fowl. In whatever way the extract 
of the gland was made, whatever solvent was used, this 

' The name ' Rennin ' for the milk-clotling terraent haa been pro- I 
posed b; A. 8. Leu, and W. L. Dickiuson. Journ. 0/ Physiology, 1S90, I 
p. 307. 

' Cheeae was in use among the ancient Hebrews. When Jesse a 
Dftvid to visit hiE brethren in the camp of Sanl, and to bring them o 
and bread, he alsa mEtructed him to 'csirr}' these ten cbeeses nuto ti 
captain of their tliousand.' — 1 Sam. xvii. IS. 
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property of curdling milk was present in it ; but the 
brine extract exceeded all othera in curdling capacity. 
If a few drops of extract of pancreas be added to some 
warm milk in a teat-tube, the milk becomes a solid 
coagulum in a few minutes. Some minutes later the 
whey begins to separate from the cm-d. In short, the 
action resembles exactly that of calf's rennet ; and, so far 
as I know, you could mate cheese with pancreatic rennet 
as perfectly as you can with gastric rennet. There is, 
however, not an absohite identity of the two agents. I 
said just now that gastric rennet produced curdling in 
neuti"al and even in faintly alkahne milk ; but if the 
aJkali exceed a very small proirartion, ordinary rennet 
does not curdle milk. I found that an alkalescence 
exceeding that produced by one grain of bicarbonate of 
soda to an ounce of milk altogether prevented the milk 
being curdled by gastric rennet. But this is not so with 
pancreatic rennet. You may add two, three, or four 
grains of bicarbonate of soda to each ounce of milk, and 
still the pancreatic rennet will induce curdling with 
undiminished energy. Milk is likewise curdled by pan- 
creatic extract when quite neutral, and even when very 
faintly acid. Indeed, it appeared to me that a very 
faintly acid milk curdled more actively with pancreatic 
extract than neutral milk, but not so actively as alkaline 
milk. 

That the curdling agent of the stomach and pancreas 
is a true ferment, and not some inorganic chemical agent, 
aecms to be proved by the fact that boiling or even heat- 
ing to 160° F. (70" C.) instantly destroys its power. I 
found, moreover, that, hke other soluble ferments, it is 
precipitated, but not truly coagulated, by alcohol — for it 
recovers its solubility and activity when the alcohol i& 
removed, even after a contact of several weeks. 
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The eurdling ferment of the paiicveae ia a distinct 
body from trypsin, aa the following experiments show, 
(1) Some brine extract of pancreas (which was known to 
poBsesa strong proteolytic energy) was acidulated with 
hydrochloric acid in the proportion of 1 per 1,000, and 
then placed in the warm chamber at a. temperature of 
104° F. (40'' C.) for a period of three hours. It was then 
carefully neutralised with bicarbonate of soda. When 
thus treated the extract was found to have lost its 
proteolytic power, hut its curdling action on mOk was 
almost as energetic as ever. (2) A portion of the same 
brine extract of pancreas was filtered under vacuum 
pressm'e through porous earthenware. The filtered pro- 
duct was found to possess an undiminished faculty of 
curdling milk, but it had almost no power of dissolving 
the curds. The curdling ferment had evidently traversed 
the earthenware freely, but only traces of trypsin had 
passed through. 

What is the real function of the curdling ferment ? 
Seeing its striking reaction with milk, one's first idea is 
that it must have something to do with the digestion of 
casein. But a little consideration shows that this idea 
is altogether improbable. Although all mammalia start 
hfe on a milk diet, milk does not form a part of the 
normal diet of any adult creature except man. Nor can 
its universal presence in the mammalian digestive organs 
be regarded as-a vestigial phenomenon — a ' memory ' of 
the suckling phase of their existence — for the same 
curdHng property is found in the stomach and pancreas 
of the fowl, which never at any period of its life fed on 
milk. Moreover, it may be doubted whether the ferment 
in question is the actual agent which curdles milk on it« 
passage into the stomach— for the acid of the gastric juiee. 
which also curdles milk, would probably be beforehand 
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I it, inasmuch as its action is a good deal more 
upt than that of the ferment. In the pancreatic 
Q of milk the occuiTence of curdling has appeared 
to me to be a distinct hindrance to the process. Has 
this ferment any true digestive funetione ? I think this 
is quite open to doubt. Its action on milk is apparently 
akin to that of the fibrin-ferment on blood — and it may 
likewise have some kindred purpose — but what that 
purpose may be I am unable to conjecture, 
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The digestive change undergone by fatty matters in 
[% small intestine consists mainly in their reduction into 
a state of emulsion, or division into infinitely minute 
particleB, In addition to this purely physical change a 
small portion undergoes a chemical change, whereby 
the glycerine and fatty acids are dissociated. The fatty 
acids thus liberated then combine with the alkaline 
bases of the bile and pancreatic juice, and form soaps. 
The main or principal change is undoubtedly an emulsi- 
fying process, and nearly all the fat taken up by the 
lacteals is simply in a state of emulsion, and not of 
saponification. It is, however, quite certain that both 
these processes do take place in the small intestine, 
though in very unequal degrees. The only question in 
connection with the digestion of fat which I propose to 
examine is : — Whether these changes are produced by 
the operation of a soluble ferment or by some other and 
difl'erent agencies. In hia latest utterances on this 
subject Bernard ' insisted that the digestion of fat, like 
the digestion of starch and proteida, consisted in the 
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action of a soluble ferment, which he named Ferment 
Emuhif. This ferment, he alleged, first emulsified and 
then saponified fata. In the intestine the change scarcely 
went beyond emulsion — in this condition fat was found 
in the contents of the lacteaJa. Saponification took place 
almost exclusively further on, and later in the blood. It 
is certainly eatablished that the pancreatic juice exercises 
a marked influence on the digestion of fata, and it is 
in the pancreas, according to Bernard, that the emul- 
sive ferment is to be found. Bernard demonstrated that 
healthy pancreatic juice has quite a special faculty of 
emulsifying fats. Pancreatic tissue has also the same 
property. It a portion of fresh pancreas be rubbed up 
with fatty matter and water, you get an emulsion which 
is quite persistent. I have not had an opportunity of 
examining the behaviour of pancreatic juice with fatty 
matter, and eannot therefore speak of its properties ; but 
it is singular— if, as alleged, the effect of pancreatic 
juice and pancreatic tisaue on fat be due to the pre- 
sence of a soluble ferment — that the extracta of pajicreas 
possess none of the same power. I have made extracts 
of pancreas in various ways — with simple water, with 
chloroform-water, with dilute spirit, with solutions of 
boracic acid, of boras, and of both combined, with 
glycerine and water, with brine, and with solution of 
salicylic acid, and of saheylate of soda ; and yet I could 
not satisfy myself that any of these extracts possessed 
any special power of emulsifying fats nor of liberating 
the fatty acids and inducing saponification. Paschutin ' 
states that the emulsive ferment of the pancreas can 
be extracted by a solution of bicarbonate of soda. An 
extract of pancreas made by myself with a two per cent. 
solution of bicarbonate of soda was indeed found to have 

' Hoppe-Hejler, Physiologische Chemie, p. 2E7. Berlin, 187S. 



EMULSIVE FERMENT — DIGESTION OF FATS Gl 

a very marked emulsifying power, but it had the same 
power, even in an enhanced degree, after bemg boiled, 
which showed that its emulsifying properties could not 
depend on the presence of a soluble ferment. 

I was equally unsuccessful in my attempts to verify 
the alleged power of extracts of pancreas, and of crushed 
pancreatic tissue, to liberate the fatty acids. When fresh 
pancreas, finely triturated with sand, was digested with 
rni\]t in the warm chamber, I could not obtain satisfactory 
evidence of the development of fi'ee acid from the decom- 
position of the fat of the milk by a soluble ferment. The 
pancreas itself yields a slightly acid solution when infused 
in water, and a mixture of milk and pancreatic tissue 
always showed a shght acid reaction ; but when this 
primary acidity was neutralised, no further production of 
acid took place until such a time had elapsed as was 
sufficient to permit the development of organised ferments 
and the origination of the lactic fermentation. If the 
development of organised ferments was prevented by the 
addition of antiseptics-^ such as chloroform or a combina- 
tion of boracic acid and borax — a mixture of milk and 
crushed pancreas remained neutral for several days. 
The same results followed when I operated on emulsions 
made with crushed pancreas and lai-d or olive oil. In 
my numerous observations on the digestion of milk with 
various pancreatic extracts, I never could detect the pro- 
duction of an acid reaction, unless organised ferments 
were permitted to intervene. 

1 obtained similar negative results with almond emul- 
aiou. Bernard attributed the formation of an emulsion 
when almonds (or other oily seeds) were rubbed up with 
water to the presence in the seeds of a soluble ferment. 
But I found, to my surprise, that almonds which had 
b«ec boiled for seven hours still produced a perfect 
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emulsion. As all known soluble ferments are destroyed 
by boiling, this result seems irreconcilable with Bernard's 
view. I also found that almond emulsion kept in the 
warm chamber for six or eight hours at a temperature 
of 100^ F. (38° C.) showed not the slightest evidence of 
an increase of its original faintly acid reaction. It ap- 
peared to be more probable that the fatty matter in the 
almond existed in the seed in the condition of a solid 
emulsion, and that the formation of a fluid emulsion by 
trituration with water was due simply to the liberation 
of the minutely divided oil particles rather than to the 
intervention of a soluble ferment. 

It ia with considerable hesitation that I ventura to 
place myself even in apparent contradiction with so great 
an observer as was Claude Bernard ; and I by no means 
pretend that these observations traverse the main con- 
clusions for which he contended as to the digestive trans- 
formations of fat in plants and animals. The views 
which Bernard developed on the digestive process are 
based on inductions so wide, and observatioDs so multi- 
plied, that I feel satisfied that their substantial accuracy 
will be ultimately established in regard to fat, as they 
have already been established in regard to starch and 
cane-sugar. 

Some observations made by Briicke promise to throw 
a fresh light on the digestion of fat, Briicke found that 
oils and fats which contained an admixture of free fatty 
acids — in other words, which were more or less rancid — 
were emulsified by a slight agitation with a weak solution 
of carbonate of soda. J. Gad extended these observations, 
and showed that even simple contact of a rancid oil with 
the alkaline solution was sufficient to effect a mechanical 
division of the oily matter. I have repeated these 
observations, and the results are certainly remarkable. 
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The different behaviour of two Bpecimens of the Bame 
oil, one perfeGtlj neutral and the other contaiDing a 
little free fatty acid, is exceedingly striking. I have here 
before me two specimenB of cod-hver oil — ^one of them is 
a fine and pure pale oil, Buch as is usually dispensed by 
the better class of chemists ; the other is the brown oil 
sent out under the name of De Jongh. I put a few 
drops of each of these into these two beakers, and pour 
on them some of this solution, which contains two per 
cent, of bicarbonate of soda. The pale oil, you see, is 
not in the least emulsified ; it rises to the top of the 
water in large clear globules ; the brown oil, on the con- 
trary, yields at once a milky emulsion. The pale oil is a 
neatral oil, aud yields no acid to water when agitated 
with it — in otherwords, it is quite free from rancidity ; but 
the bro^Ti oil, when treated in the same way, causes the 
water with which it is shaken to redden litmus paper. 
I was surprised to find that olive oil (aalad oil), which 
appeared quite sweet, and had not the shghtest taste or 
emell of rancidity, gave a milky emulsion with the soda 
solution. This oil did not yield any acid reaction to 
water when agitated therewith. Nevertheless it evidently 
contained a httle free fatty acid (probably oleic acid, 
which ia insoluble in water, and therefore does not acidify 
water shaken up with it), for when a portion of this oil 
was washed with a strong solution of carbonate of soda, 
and then allowed to separate, the oil thus freed from 
acid no longer gave an emulsion with the weak soda 
solution. It would appear that an admixture of only a 
very small proportion of free fatty acid is Bufiicient to 
induce emulsification — a quantity so small as not to 
cause any appreciable rancidity to the senses of smell 
or taste. This specimen of almond oil is to all appear- 
ance perfectly sweet, but it communicates a rather sharp 
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acid reaction to water shaken up with it, and it gives, as 
you see, an instantaneous and perfect cmulaion with the 
soda solution. 

The bearing of these observations on the digestion of 
fat is plain. When the contents of the stomach pass 
the pylorus they encounter the bile and pancreatic juice, 
which are altaline, from the presence in them of carbo- 
nate of soda. So that the fatty ingredients of the chyme, 
if they only contain a small admixture of free fatty acids, 
are at once placed in favourable circumstances for the 
production of an emulsion without the help of any soluble 
ferment, the mere agitation of the contents of the bowel by 
the peristaltic action being sufficient to efEect the purpose. 

This view of the matter renders it necessary that 
fresh inquiries should be made into the effect of gastric 
digestion on fats. It has hitherto been supposed that 
fatty and oily substances undergo no change in ths 
stomach, but it is quite possible that something may 
have been overlooked. It was noted by Eichet in th(* 
patient with a gastric fistula that the fatty matters were 
detained a long time in the stomach, and that they only 
passed through the pylorus with the last portions of t 
meal. It is also a familiar experience to most dyspeptics 
that rancid eructations are a frequent occurrence in th( 
later stages of gastric digestion. If it should turn oai 
that among the complex operations taking place in th( 
stomach there occurred some slight decomposition of thi 
neutral fats, and a liberation of a small quantity of fr« 
fatty acid, such a result would supply the necesaar] 
condition for the emulsification of the neutral fats in thi 
duodenum. In speculating on this subject it is difficul 
to shut one's eye to the possibility of the intervention o\ 
formed or organised ferments in the digestive process. 
It is well known that fatty acids are liberated in the de- 
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composition of neutral fats by bacteroid ferments (zymo- 
phytes), and the presence of ferments of this class in the 
living stomach has been so repeatedly observed that it 
may well give rise to the suspicion that they are a nor- 
mal ingredient of the gastric mucus, and have a normal 
fanction to perform in the digestion of some portions of 
our food. It is not, however, desirable to push specula- 
tions of this kind in advance of observed facts, and I 
only mention them as hints for further inquiry in regard 
to the digestion of fat. 




OS THE ESTIMATION OF THE AMYTjOLYTIC AND 
PKOTEOLYTIG ACTIVITY OF PANCREATIC EXTBACTS. 

{From tht Proceedings of the Boyal SocUly fat 1881.) 

—Preliminary observations — Z>ta3(osi7ne/rp — Standard starcb 
lOilage — Effect of quantity and time— Effect of temperature— Mode 
oE proceeding— Mode of oalcuktinK and eipreasiag the diastaaic 
lalne — DiBStasic value of the pancreas of the pig, ox, and sheep— 
Trypsimetry — Metacasein reaction — EEect of rjuantity and time- 
Effect ol temperature — Jloile of proceeding — Mode of calculating and 
expreaaing the tryptic value- Comparison of the enzymic values of 
IS of the pig, OS, and sheep. 

The degree of activity posaesBed by preparations of 
the soluble ferments cannot be ascertained by direct 
weighing and measuring. The agents to which they 
owe their power have in no case been obtained in a state 
of isolation and purity. These agents are known to be 
indisBolubly united with some form of albuminoid matter, 
and we are constrained to speak of them as if they really 
were albuminoid bodies. But their mode of action 
suggests an affinity with the imponderable forces, and 
points to the conclusion that the relation which these 
agents bear to theh organic substratum is analogous, or 
at least comparable, to the relation subsisting between a 
mass of protoplasm and the vital endowments with which 
it stands possessed. 

The activity of preparations of the soluble ferments 
can only he gauged by their capacity for work. But in- 
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asmucb as there is in them no power of growtli and 
multiplication, the amount of energy with which they 
are endowed is strictly limited,' bo that when the capacity 
for work existing in a given liquid or solid preparation 
of one of these ferments has been ascertained, and has 
been put into due expression, the amount of energj' in a 
certain quantity of the preparation can be counted in 
grama or cubic centimeters like that of any other 
chemical agent. 

The term ferment has, up to this time, been applied 
in common to two groups of agents, which, although 
nearly allied both in their origin and in their mode 
of action, belong to essentially distinct categories. The 
organised or formed fei'ments, of which yeast is the type, 
are independent organisms with powers of growth and 
reproduction ; and the transformations which constitute 
their special characteristics as ferments are inseparably 
associated with the nutritive operations of these organ- 
isms. The ferment-power cannot be separated from 
the ferment-organism by any method of nitration, nor 
by any solvent. The soluble ferments, on the other 
hand, pass h'eely into solution in water ^ — their action is 
dissociated from the life of the gland-cells which pro- 
duced them — and they are wholly devoid of the power of 
growth and reproduction. 

Ktlhne has proposed to distinguish the group of 
soluble ferments by the name of 'enzyms.' I would 
BUggeet the desirabihty of adopting this term into Eng- 
lish, with a slight change of orthogi-apby, as ' enzymes," 
and also of coming from this root the cognate words 
wfaicb are requisite for clear and concise description. 
Th6 action of an enzyme may be designated eusymosis, 
and the nature of the action may be spoken of as emyink. 
' For proof of tbis see ii.%31 el seq. 
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In the present paper I shatl venture to emploj thei 
terms in the seoae here indicated. 

The pancreas is known to be the source of two feij 
ments or enzymes, of capital importance in the digestio 
of food, namely, an amylolytic enzyme, pancreatic diastaae 
and a proteolytic enzyme, trypsin. It is also known thi 
the pancreas takes an important share in the digestio] 
of fats, but it is doubtful whether its power in this i 
spect is due to an enzyme or to an agency of a differeiil 
character. The present paper concerns itself solely witj 
the amylolytic and the proteolytic functions of the paiJ 
creas. 



ESTIMATION OF THE AMYLOLYTIC ACTIVITY OF FANOBBAXiq 
BXTEACTS — DIASTASIMBTEY. 

Probably the most accurate mode of estimating tU 
activity of a diaatasic solution is to ascertain the amoiM 
of sugar produced when a given quantity of the aoluti 
is made to act on a given volume of a standard stai 
macilage, for a fixed time and at a fixed temperatuid 
This method has already been recognised by Mr. H. 
Brown and Mr. J. Heron in their paper on the transfc^ 
mation of starch by malt infusions,' Kjeldahl has ( 
veloped this method to a further point, and has used I 
to measure the comparative activity of malt infusioi 
and of saliva.^ 

In the method about to be described a simpler ( 
speedier proceeding was employed, and the results wej 
80 brought out as to indicate absolute as well i 
parative values. In principle the method consists i 
ascertaining the quantity of starch mucilage of know] 

' Journal of the Chemical Society, September, 1879. 
' Compte Rendu des Travaux du Laboratoirc de Carlsberg, ISt 
p. 129. 
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strength which can be transformed, by a unit measure 
of a diaatasic solution, to the point at which it ceases to 
give a colour reaction with iodine, in a unit of time, and 
at a fixed temperature. 

When starch mucilage is treated with extract of 
pancreas, or -with any other diastasic solution, the mix- 
ture progressively loses its property of giving a colour 
reaction with iodine. First the blue reaction of mi- 
altered starch passes away, then the brown and yellow 
reactions of dextrine successively disappear. It is not 
difficult to fix, with a fair amount of accuracy, the 
vaniahing point of this reaction. This point may, for 
our present purpose, be called the achromir. point. 

The extract of pancreas employed in these observa- 
tions was prepared by digesting fresh pancreas, freed 
&om fat and chopped up, in four times its weight of dilute 
alcohol, containing 25 per cent, of rectified spirit (sp. 
gr. 0'838). The digestion was continued for four or five 
days, with occasional agitation. The mixture was then 
filtered through paper. Filtration is much facilitated by 
the addition to the solvent of 0-02 per cent, of acetic 
acid (containing 28 per cent, dry acetic acid). 

The stattdard starch mucilage was made from potato 
starch. Owing to the large size of its granules, potato 
flierch ia easily obtained in a state of great purity, by re- 
peated levigation with water, and afterwards drying the 
{H'odactat40''G.' The mucilage was made of the strength 
of 1 per cent., and in the following manner : 5 gi-ams of 
starch were well stirred up into a thin mud with 30 cubic 
eentimeters of water, and then poured in a slender stream 
into 470 cubic centimeters of briskly boiling water. The 

' The so-called pare starch of the shops is wotthleas for the parpoBBs 
«( ^wlosimetr;. A supply of pare potato atarch may be obtitiDed from 
Uottershe«d & Co., chemiatB, Manchester. 
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mixture was stirred and allowed to boil for a few aeoonda. 
Thus prepared, the mucilage is i>erfectly smooth and 
uniform, and is so diffluent that it can be measured ont- ] 
like an ordinary liquid. This is known in the present 
paper as the standard starch mttcilatje. It should be uae 
fresh, for it is apt to change in a few days, and to loa^ 
its opalescent appearance and shght mucilaginous coi^ 
sisteney. When thus changed it is found to conta 
sugar. So long as it maintains its slight opalescenoj 
and slight mucilaginous character it is fit for use. 

The iodine solution used in the testing was comp* 
of 1 part of the liquor iodi of the British Pharmaeopc 
diluted with 200 parts of water. 

In determining the data on which is based thtr 
method of diastasimetry here proposed, it was necessary 
to ascertain the mutual relations in regard to the amylo- 
lytic process of three factors- — namely, the qiiantity of 
pancreatic extract set in action, the time required to 
reach the achromic point, and the temperature at which 
the enzymosis was carried on. 

Quantity and Time. — -The amount of araylolytic work 
done hy a given sample of pancreatic extract is strictly 
proportional to the quantity of it set in action — in other 
words, the amount of the standard starch mucilage 
which can be changed to the achromic point in a given 
time and at a given temperature varies directly as the 
quantity of the extract employed. This law of propor- 
tionality may probably be regarded as fundamentally 
applicable to the action of all enzymes, which, having 
no power of growth or multiplication, conform in this 
respect to the common law which governs the action of 
ordinary chemical agents. The rule is, however, Uable 
to interference if the products of the enzymosis accumu- 
late in the solution to such a degree as to hamper the 
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action. In the conditions observed in the following 
experiments this interference did not arise. The starch 
macilage operated on was exceedingly dilute, and con- 
sequently the sugar and dextrines produced in the trans- 
formation never accumulated to sneh a degree as to 
check the enzymosis. 

In the ELCtion of all enzymes the element of time is 
aji essentially important factor. An enzyme liberates 
its energy gradually, in successive portions, and it takes 
a comparatively long time to exhaust itself completely. 
T found that pancreatic diastase, in the presence of 
L>scesB of starch mucilage, took not less than forty-eight 
hours to completely exhaust itself at the temperature of 
40''C.(sTOp. 33). 

The fundamental rule which governs the mutual 
relations of quantity and time in the action of an en- 
zyme is that of iiiverge proportion. That is to say, double 
the quantity of an enzsroe will do a given amount of 
work in half the time, and that half the quantity will 
require double the time. This rule, however, is ap- 
parently controlled by another rule, namely, that an 
I'myme liberates its energy at a progressively retarded rate. 
If we conceive an enzyme as a body in a state of tension, 
charged with a certain amount of dormant energy, we 
can further conceive that in action it will discharge 
this energy gradually, and also at a rate which is con- 
tinually diminishing. Such a conception will, I think, 
enable us to understand some features in the action 
of diastase and trypsin which are otherwise difficult 
to explain. 

in regard to the action of pancreatic extract on 
starch mucilage, the rule of inverse proportion between 
qnantity and time was found to hold good within con- 
siderable limits, as the following experiments show:^ 
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T*iiLE I. — Experiments sftouitiig the inverse proportion between ^wintitj/ 

and time in the action of Pancreatic Extract on Starch Mucilagi 
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In both sets of obBervatious the inverse time-rtbt^ 
is Been to come out true with almost mathematical 
accuracy. 

When, however, a relatively small quantity of panJ 
creatic extract was employed, and the time required 1 
reach the achromic point was, in consequence, con-fl 
siderably lengthened, it was found that the advent ou 
the achromic point was postponed beyond the term indi-J 
cated by the rule. If the period occupied in reac 
the achromic point fell within the compass of an hourj 
and the temperature was low, as in the observation 
above recorded, the inverse time-rate came out tru^ 
hut when the period of action extended to several hou] 
and the temperature stood higher, the departure froiB 
the rule was undoubted. The annexed table gives th< 
results of experiments made with a view of 1 
point : — 
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It need scarcely be said that when the enzymosia ia 
very alow it is not possible to fix the vanishing point of 
the colour reaction with the same precisioii ae when the 
action is more rapid and the change more abrixpt. Not- 
withfitanding this source of error, I think the conclusion 
indicated by these experiments may be relied on. The 
postponement of the aehromic point shown in the table 
may be explained, as has been suggested, on the as- 
Bumption that the enzyme liberates its energy at a 
continually retarded rate. In the case of trypsin we 
shall see evidence of a precisely parallel phenomenon. 

Temperature. — The action of pancreatic diastase on 
starch mucilage was found to increase in energy (or 
speed) from zero up to 30° C. From this point to 45° 
the rate of action continued steady, showing a range 
or platform of indifferent temperatiire extending from 
30° to 45°, Above 45'' the action became less and less 
energetic, and finally ceased between 65° and 70°, The 
following table exhibits the results obtained at ■ 
temperatures between 5° and 70" C. : — 
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Table III, — Shmcing tJif effects of Tempcratare mi llw. action of 

Panerealic Diastase. 
Tlio azDoiint of tbc atomlAnl mucilagp acled on in f«ah experlmeDt woa 
10 c.a, dUdt^id viUi T&tcT up to 100 o.o. The quuitlty ol pancmtlo ex- 
tnfit cmplojcd In eadb Esperimoat won 0- 1 d,c. 
TomperBtmv AAlimmlo Point nached iD 

3—5° C 36 minntsB. 

10= 18 „ 

IS" 13 „ 

20= 8 „ 

36° (1 „ 

80" 5 „ 

40= 5 ,. 

45'' 6 „ 

S0° 7 ,. 

56" 10 „ 

60° 40 ,. 

65° Very slow aation. 

70- No aotion. 

These results, thrown into the form of a curve, aj: 
shown in tlie Bubjoined diagram. The ordinates indi- J 
Gate the diaBtasic value, of D, as calculated by a method I 
to be presently explained ; the abscissffi represent the I 
temperatui'es. 
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Mode of Proceeding. — In testing the activity of a>l 
sample of pancreatic extract, it was found on the whole! 
more convenient to operate on a fixed quantity of the J 
standard mucilage, and to vary the quantity of extraetl 
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■tidded to it, than to proceed contrariwise. The bulk of 
liquid operated on was thus kept conBtaut, The ordinary 
proceediog was as follows : 10 cubic centimeters of the 
standard mucilage wei'e mixed in a beaker with 90 cubic 
centimeters of water. The mixture was then warmed to 
40° C, or at least to some point well within the range of 
indifferent temperature extending from 30° to 45° C. This 
was done in order to ehminate the disturbing influence 
of tempcratm"e. The next step was to add the deter- 
mined quantity of the extract to be tested to the diluted 
mucilage, and to note the exact time. Then, at short 
intervals, a drop of the enzymoaing liquid was placed on 
a white slab, or plate, with a drop of the iodine solution. 
The time and result of each testing was noted. When 
the acbromic point was reached the time was marked, 
and the interval from the commencement of the experi- 
ment was computed. If at the end of three minutes the 
mixture still gave the blue reaction of unaltered starch, 
a new experiment was made, using two, three, or four 
times the quantity of extract. If, on the other hand, 
the achromia point was reached in less than two minutes, 
a new experiment was made, using a smaller quantity of 
the extract. Two or three experiments generally suf- 
ficed to determine the quantity of extract required to 
bring the acbromic point within a period ranging from 
two to ten minutes. A final control experiment enabled 
the ojierator to fix the acbromic point somewhere between 
four and six minutes. The accuracy of the method 
depends chiefly on the sharpness and precision with 
which the occurrence of the acbromic point can be 
determined. If it occur earlier than two minutes, the 
transition is too rapid for exact observation and record. 
On the other hand, if it occur later than fifteen or 
twenty minutes, the transition is too gradual for precise 
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limitation. The most satisfactory resoltE are obtained 
when the achromic point falls between foor and six 
minates. 

The following example will serve as an illnstration 
of the way in which the experiments were carried out, 
noted, and expressed : — 

TiBLB IV. — 10 C. 
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P»1b yellow. 

No reaction — fichromic point. 



The result of the experiment was expressed in the 
first instance as follows : 0"1 cubic centimeter pancrea- 
tic extract + 10 cubic centimeters standard mucilage ^ 
6 minuteB at 40^ C. 

From this somewhat incongruous expression it is, 
however, easy to extract by a simple formula, in the i 
manner to be now explained, a correct and convenient ex- 
presBion for the diastasic value of any amylolytic solution. 



MODE OF CALCDLATINO AND EXPRESSING THE 
DI.18TA9IC VALTJE. 

The principle of the method consists, as already 
stated, in ascertaining the amount of starch mucilage of 
known strength which can be transformed by a unit 
measure of the diastasic solution to the point at which 
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it ceaaea to give a colour reaction with iodine, in a unit 
of time and at a given temperature. 

In reducing this principle to a definite formula it was 
necessary to choose arbitrarily a unit of measure of the 
diastasic solution and a unit of time. The unit of measure 
fixed on was 1 cubic centimeter, and the unit of time five 
minutes. These seloctions seemed, on the whole, the best 
adapted for furnishing a convenient scale. On these 
bases the formula took the following form : the diastasic 
value of any solution — or, D — is expressed by the number 
of cubic centimeters of the standard starch mucilage 
which can be transformed to the aehromic point by 
1 cubic centimeter of the solution to be tested in a period 
of five minutes at a given temperature. 

In the process of testing, the quantity of the standard 
mucilage was made constant, namely 10 cubic centi- 
meters, and the quantity of pancreatic extract and the 
time were made variable. In order to get the value of 
D the results must be so transformed as to make the 
(juantity of extract and the time constant, and the 
quantity of the standard mucilage variable. This is 
accomplished by increasing or reducing the quantity of 
pancreatic extract employed to 1 cubic centimeter, and 
increasing or diminishing the standard mucilage in the 
same proportion. The product thus obtained is again in- 
creased or reduced in the same proportion as is requisite 
to increase or reduce the time found to five minutes. 
Taking the example above given (Table IV.), the value of 
D is obtained by the following formula : Let ;) signify 
the quantity of pancreatic extract employed, and m the 
number of minutes found requisite to reach the aehromic 
point, then : — 
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I and in the above example— 
^ 10 I 
0-1 I 



= 88 at iQP C. 



The value of D, as ahready explained, signifies the 
numhec of cubic centimeters of the standard starch 
mucilage which can be changed to the achroraic point 
by 1 cubic centimeter of the diastaaic solution in five 
minutes at a given temperature. As the standard 
mucilage contains 1 per cent, of dry starch, the value 
of D divided by 100 gives us the same value in terms of 
dry starch, and the result of the above experiment may 
be read as follows:— 

D = 83^0-83 grm. of dry starch. 

This method of diastasimetry is equally applicable 
to saliva and malt-diastase. It may also be applied to 
the estimation of the diastasie agent which is present in 
urine, and presumably to all diastasie solutions. In the 
ease of solid preparations containing diastase — like malt 
or glandular tissue— a solution in known proportions 
must first be prepared ; and from the ascertained activity 
of such solution the proportionate activity of the solid 
Bubatance can be easily calculated. I may here mention 
some of the results which this method has already J 
yielded. 

Pancreatic Tissue. — The pancreatic tissue of the pig ' 
(obtained from animals killed for the market in the 
fasting state) yielded an extract which, when made on 
the large scale, possessed a mean diastasie value of 100. 
This extract is sent out by Mr, Benger, of the firm of ' 
Mottershead &. Co., chemists, Manchester, under the ■ 
name of ' Liquor Pancreaticus,' and is made in the pro- 
portion of one part of pancreatic tissue to four of solvent I 
(water containing 25 per cent, rectified spirit). This J 
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valae indicates that 1 grm. of the moist pancreas of the 
pig is capable of transforming 4 grms. of dry starch to 
the ijoint at which it no longer gives a coloui- reaction 
with iodine, in five minutes, at a temperature of 40° C. 

The pancreatic tissue of the ox and sheep yielded an 
extract (made iu the same proportions) which was of far 
inferior activity. The os extract had a diastasic value 
of about 11 and that of the sheep of about 12, These 
numbers indicate that iu point of diastasic activity the 
pancreas of the pig has ten times the value of the 
pancreas of the ox and sheep. This extraordinary 
iliiference is probably huked with the diversity of their 
food. The pig is fed largely upon potatoes and meal, 
which are rich in starch ; the ox and sheep, on the other 
hand, feed on grass, which is poor in starch. We shall 
presently find that there is no such difference in regard 
to tryptic activity in the pancreas of these animals. 

Human Saliva. — Filtered sahva was found to have a 
diastasic value varying from 10 to 17 at 40° C. Its 
action was influenced by temperatui-e exactly in the same 
manner as that of pancreatic extract. Sahva increased 
in energy up to about 30° C, and continued steady from 
this point to about 45° ; above this point its activity de- 
clined, and was finally extinguished between G5^ and 70". 

Malt Diastiue. — Infusions of malt made in the pro- 
portion of one part of crushed malt to four parts of 
water exhibited a diastasic value of 4 to 5 at 40° C. 
Bnt malt diastase did not attain its maximum activity 
at this temperature. It continued to increase in energy 
up to about 60° C, when it showed a diastasic value of 
10. Above 60° the action diminished in energy, but 
did not come to a full stop until the temper atm'e 
approached 80° C. 

Human Urine. — Several specimens of healthy urine 
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were tested by thia method. They showed a diaBtafiiel 
value varying from 0-03 to 0-13 at 40° C. The effect of | 

temperature thereon was not examined. 



) OF THE PROTEOLYTIC ACTITtTV 01 
PANCBEATIC EXTRACT 9 — TRYPSIMETEY. 

The writer had found in previoua inquiries that ] 
when millt ia subjected to digestion with pancreatic I 
extract a striking change takes place in it at an early 1 
stage of the procesa^the milk acquires the property | 
of curdling when boiled. The onset of this reaction i 
occurs at an earlier or at a later period according to the ] 
activity of the extract and the quantity of it employed ; 
and it is possible to fix the time of its advent with con- 
siderable accuracy — aufficient accuracy to serve as the I 
basis of a method of measuring the proteolytic activity I 
of pancreatic extracts. 

The reaction in question depends on the production, 
as a first step in the pancreatic digestion of casein, of a 1 
modified form of that body which I have named i 
casein. This Bubatanee resembles casein in being curdled j 
by acetic acid in the cold ; but it differs from ca 
being alao curdled by simple boiling. These two reac- j 
tions together distinguish metacasein from other proteid 
bodiea. 

The property of curdling when boiled, which may he I 
called the tJtetacageiH reaction, continues observable in I 
milk undergoing tryptie digestion until near the termi- ] 
nation of the process ; it then disappears somewhat 1 
abruptly, and the milk, when boiled, remains fluid juat j 
as it did at first. 

We may therefore speak of the onaet paint of t 
metacasein reaction, and of the vanishing point of th63 
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I inetacaeein reaction. These two pointB mark respec- 
tively the initial and the terminal limits of the principal 
) phase in the digestion of milk by pancreatic extract. 

Before the onset point of the reaction — that is, dis- 
tinct and undoubted curdling on boiling — is actually 
reached, its approach is indicated by an appearance of 
soiling of the sides of the test-tube in which the milk 
. has been boiled. This appearance is due to incipient 
coagnlation, which presently develops into pronounced 
I curdling, and is a nseful sign in testing to indicate the 
coming on of the metacaaein reaeticin. 

The following typical experiment may serve to give 
the reader a cleai' notion of the succession of events — 
I so far as they concern us here — which occur when milk 
submitted to digestion with pancreatic extract ; — 

;. Milh ditufcd inith 




Pancreatic Extract added to 
Water to 100 c.c. Temperatut 



18° C. 



No change. 

might soiling o[ the sides of the test-tube. 

More soiling. 

DLatinct oardling^iisff point of tlte 

metaeasein reaction. 
More pron ounce d curdling. 
ProDounced curdling. 
Diminislied curdiing. 
Blight curdling. 
No change; vanishing pmnt of the meta- 



Se length of time during which the successive steps 
B transformation may continue observable depends 
on the energy of the action ; and this, in its tiu'n, 
depends on the activity of the preparation and the 
quantity of it added to the milk ; it is also greatly in- 
fluenced by temperature. By using an excess of an 
Active pancreatic extract, and with a favourable tempera- 
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ture, all the steps of the process may be crowded almost 
into an instant of time ; with converse conditions the 
action may linger on for many houra. 

Although milk is a secretion of somewhat variable 
composition, the oscillations which it exhibits, when it is 
the product of a dairy, and is not intentionally adulte- 
rated, do not materially vitiate it for the purposes of a 
test fluid such as is here required. The milk delivered 
at my house presented very little variation. It had a 
density of lOSO^seldom varying more than a degree 
from this point — -and the results obtained with the milk 
of different days showed a remarkable uniformity. MiJk 
from different dairies, and at different seasons of the 
year, would no doubt present greater irregularities, 
Milk should, however, be used fresh, for if it have become 
slightly acid, as it is apt to do in keeping, the results 
obtained are untrustworthy. 

If milk be diluted with water the occurrence of 
the metacasein reaction is postponed, and the degree of 
postponement varies with the degree of dilution. For 
example, if 50 cubic centimeters of pure milk are 
changed to the onset point of the metacasein reaction m 
three minutes, the same quantity of milk diluted mth 
an equal volume of water will take six minutes to reach 
the same point — other conditions being equal. There 
are, however, several advantages ui using diluted milk 
instead of pure milk as the experimental fluid. The in- 
equahties of the milk are thereby minimised. The 
• strike ' of the reaction is mure sharply defined, and the 
required quantity of pancreatic extract can be included 
in the water of dilution. TTiis last is an important 
advantage, because if the extract to be tested is feeble 
a considerable quantity of it requires to be added, aud 
this, if pure milk were employed, would seriously alter 
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the degree of dilation, and thereby vitiate the results. 
In the followiug experiments milk diluted with ftn equal 
Ijulli of water was invariably employed ; and if the 
qoantity of pancreatic extract to be added exceeded 3 
cubic centimeters for every 50 cubic centimeters of milk, 
this wa3 always included in the water of dilution. 

In principle the method of trypsimetry hero pro- 
posed consiBta in ascertaining how many cubic centi* 
meters of milk can be changed to the onset point of the 
metacasein reaction in five minutea by 1 cubic centi- 
meter of the extract to be teated, at a given temperature. 

In settling the data on which the method is based it 
was uecessary, as in the case of diastase, to determine 
the relations of tryptic action to qiianlity, iimi', and 
t^nperatire. 

Quantity and Time. — The rule of inverse relations 
between quantity and time which was found to be valid 
within a wide range in the case of diastase and starch 
is only reliable in the caee of trypsin and milt within 
luurrow limits. When the time of action exceeds 8 or 10 
minutes the advent of the metacasein reaction is post- 
poned beyond the term indicated by the rule of inverse 
proportion, and this postponement increases as the time 
of action is lengthened. The following two sets of 
observations may be taken as samples of the results 
obtained by experiment in regard to this point. 

If the vanishing point of the metacasein reaction was 
taken as the test of comparison, the results approxi- 
mated a httle more nearly to the requirements of the 
role of inverse proportion than when the onset point 
was taJien, especially at low temperatures ; but still 
the evidence in either case pointed in the same direc- 
tion, and indicated that trypsin, like diastase, exhausts 
itself in action at a progressively retarded rate. 
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TiBLE VI. — Slu-wing undw past^nemenl of the Melncascin Rcaelion I 
' tuJicn tlie Wnsymosis is slow. 

The quantity of milk astcA an !n each etperhaeDt vus til c.c. diluted ntlli 
wRter op td 100 o.c. The ■ ealoulattd ' time in tUo thirl oolnmn vta 
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Qosntltf or Pancrentic 
Bxtraot iriilal 




Foond 1 CBl<ml«l.^ 1 




aet I.— TeraperatutR 40° C. | 


1-0 C.C. 
0-8 ,. 
0-8 „ 
0-4 ,. 
0-2 „ 




3 rainntaa 
i 

•J '.'. 
30 „ 






Set II.— Temperature IG" C. | 


4-0 C.C. 
2-0 „ 
10 „ 
0-6 ,. 
0-26 „ 




G minutes 

16 „ 

39 „ 
lOS „ 
280 „ 


le minutee 

in 

% ., 



From the niimerous esperiments which were pef 
formed with a view of elucidating this point I arrived at 
the conclusion that when the onset point of themetaeasein 
reaction fell between 3 and 6 minutes the inverse time- 
rate gave a rehable basis of calculation, but not beyond 
these limits. 

Temperature.- — Tryptic enzymosia is exceedingly 
sensitive to temperature. The action of trypsin on 
milk increases in energy from zero to 60° C. Above 
this point there is a rapid fall, and the action is finally 
arrested between 75° and 80° C. There is not, as with 
diastase, any range or platform of indifferent temperature. 
The following table exhibits the degrees of activity from 
10° to 80". In order to obtain the utmost uniformity 
of results, the quantities of pancreatic extract employed 
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'''ere so adjusted as to bring the time of the occurrence 
0* the metacaaein reaction within a. period ranging from 
-i to 6 minutes :— 

TiBtE VII.— Sftoiuinj the effects of Tcmpcruturc on Tryptic 

Eneymotix. 

Tbc qOJHltiC; ol milk Fmplojcd ill each CTpcrlmeiiC vua M c.o. dilated wltli 

nbr up to 100 cji. In th? fourth oolamn ch? dc£i«c of tryptio a<?tEvlty, 
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In another Beries of experiments the effect of tempo- 
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^^H ratiire was gauged by the length of time required te 
^^H rea«h the onset or the vanishing point of the metai 
^^^H casein reaction when constant quantities of pancreatk 
^^H extract were used. The results obtained in this series 
^^M are tabulated in Table Vni. In the first set the onset 
^^H point of the reaction was taken as the index of tryptit 
^^H activity ; in the second set the vanishing point of th« 
^^H reaction was employed for the same purpose. Tha 
^^H results brought out by these experiments correspoM 
^^H pretty closely with those given in Table VH. 

^^^H TiBut Vni—Sliowifig the effect of Temperature by the length of tin 

^^^H of Pancreatic Extract are med. 
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An examination of the table shows bow very neai 
the results correspond, whether the onset point or tl 
vanishing point oE the metacasein reaction be taken aa 
measure of tryptic acti\-ity. This correspondence sul 
stantiates the eoncluaion that the onset point of U 
reaction furnishes a trustworthy index of the activity ( 
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trjptie digestion. The proportionate quantity of pan- 
ci'eatic extract added to the milk in the experiments 
recorded in Set II. of Table VIII. was ten times as great 
as in those recorded in Set I, ; and it is seen that, hj 
neing these proportions, the vanishing points and the 
onset points fell out in nearly the same times in both 
sets of experiments. 

Mode of Proceeding. — In testing the tryptie activity 
of a sample of pancreatic extract the following proce- 
dure was adopted : — 50 cubic centimeters of fresh milk 
were diluted with 50 cubic centimeters of water, less the 
quantity of extract intended to be added. The diluted 
milk was then warmed to 40° C, and maintained exactly 
at that temperature until the close of the experiment. 
The intended quantity of the panereatie extract, say 
1 cubic centimeter, was then added, and the time exactly 
noted. At the end of each minute a portion of the 
digesting milk was withdrawn, and boiled for a few 
seconds in a test-tube, inclining the test-tube to one side 
after the boihng in order to observe the effect. The 
reBult was at once noted down. As soon as distinct 
curdling occurred on boiling, the experiment was con- 
udered finished ; the time was recorded, and the number 
of minutes which had elapsed from the commencement 
of the experiment were reckoned. The result came out 
in the following form : — 

1 e.c. pane, extract-l-50 c.c. milk = 4 minutes at 40° C. 

If no signs of incipient curdling (soihng of the sides 
of the test-tube) occurred within 3 minutes a new 
experiment was made, using two, three, or four times 
as much pancreatic extract. If, on the other hand, 
diBtinct curdling occurred in 2 minutes or less, a fresh 

Kriment was made, using half or quarter the quantity 
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EXPRESSING THE TRYmC VALUE 

of extract. Three or four such experiments uaually 
sufficed to enable the operator to fix the onset point of 
the reaction somewhere between 4 and 6 minutes. 

Mode of Calculatinp and Expressinf/ the Trifptir. 
Value. — The object of the experiment was to ascertain 
how many c.c. of milt can be changed to the onset 
point of the metaeasein reaction by 1 e.c, of extract in a 
period of 5 minutes at the temperature of 40° C. The 
tryptic value, or T, was calculated from this first expres- 
eion of the results of an experiment in exactly the same 
way as for diastase. If j» be made to signify the quantity 
of pancreatic extract added to the milk, and m the 
number of minutes which were required to reach the 
onset point of the metaeasein reaction, then the value of 
T was obtained by the following formula : — 

50 ,5 „, 



and taking the experiment above given the value of T 
came out as follows : — 

T = ^'^xJ = 62-5 at40°C. 

In judging the practical value of this method o£ 
trypsimetry one must have regard to the inherent diffi- 
culty of estimating the activity of preparations of thft 
proteolytic enzymes. I venture to think that we have 
in this method a means of estimating the activity ol 
trypsin preparations which is superior in ease and pre- 
cision to any we possess for the evaluation of pepBOJ 
preparations. What may be the limits of error arlBinf 
from inequalities in the composition of milk I am unabli 
to aay, but with the same specimen of milk the limits 
error, do not certainly exceed 6 to 8 per cent. 
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The trjptic value of pancreatic extract from the pig, 
made on the large scale, was found to range from 40 to 
70 at 40^ C. The pancreatic tissne of the ox and sheep 
yielded an extract \vliich possessed about the same 
tryptic activity as that of the pig. Extracts prepared 
from single glands presented very couBiderable vai'ia- 
tions both in regard to theu' diastasic and their tryptic 
activity. The following table shows the enzymic values 
of twelve samples of pancreatic extract prepared with 
single glands from four pigs, four oxen, and four sheep, 
killed for the market : — 

TlBLE IX. 

All IhF D)]fervB.tiDn3 nera made at 40° C. B etnads for dUstsslo Tiilue, und 

T foT ti^ptlc THlue. 



- 




0. 


^ 


No. 1 
No. 2 
No. 3 

No. 4 


(D = 1M 
lT-83 


No. 5 
No. 6 
No. 7 
No. 8 


iT = 64 
(D = 10 
iT = 60 
(D-9 
1T = 42 
lD = 13 
iT = 83 


Ho.S Iflj^s 

no-is;?:*. 



It may be observed that the oscillations in the two 
enzymic values bear no mutual relations to one another. 

The most appropriate standard of temperature for 
the valuation of tryptic activity is 40° C, because this 
eorreeponds very nearly with the temperature at which 
trypBin operates in the normal digestion of warm-blooded 
animals. But it is more convenient to perfoi^n the 
testing at, or near, the ordinary temperature of the 
room (say at 20"'), inasmuch as in the latter case it 
is much leas troublesome to maintain a continuously 
tmiform temperature than at 40"^. 
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I have therefore taken some pains to ascertain the 
exact relation between the value of T at 40° and at 20^ 
respectively, and have found that at 40° the value of T 
is very nearly three and a half times as great as at 20°* 
If, therefore, the testing be performed at 20°, the result- 
ing value of T multiplied by 3*5 will give with sufficient 
accuracy the value of T at 40° 
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I INTEODUCTOBY -ON DIETETICS IN GENEEAL. 

{First Lecture of llie Owens College Course.) 

Sdiuiaby: — DjBpeptia troables niore common in man than animalB — 
Cauaea ol this — CompleKitiEs of the humiiii dietary — Scienae oE 
dietetioB based on observation of tood-eustoms — Food-ouBtoms of 
leading raoes^Use of meat— AloohoLiD beverages— Tea, coffee, and 
cocoa — Dietetic habits of the two sexes — Secondary dietetic liabits 
lor the joung and for the aged— Effect of the quality of the food on 
nutrition and vital habits — High fettding and low feeding — Com- 
parison of characteristics of high-fed and low-fed classes and races 
— Calculating the man-value^Connsction of mental capaoit; with 
nutrition. 

Dbfecta and dtirangementE of digestion are among the 
most common of human ailments. They not only com- 
phcate almost every variety of disease, but they conatitute 
by themfielves a serious tonnent to a large number of 
otherwise healthy people. Not a few of tbtjse who bear 
a large and vigorous part in the world's work, and may- 
hap reach a green old age, are plagued half their days 
with dyspeptic troubles. These unfortunates have no 
sooner reached the full adult state, and have ceased to 
grow and gather weight, than they enter on a period of 
gastric discord in wliicli there seems to be a permanent 
Want of due adjustment between their digestive functions 
and their food supplies. Besides these habitual dys- 
peptics there are also a multitude of others, also healthy, 
who are Hable to frequent paroxysms or fits of indi- 
gestion. Any unusual worry or anxiety, or any trifling 
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irregularity iii the quantity, quality, or order of theii* 
meals, diaturbs the tranquillity of their digestive pro- 
cesses, I 
The digestion of food is, as you know, at bottom I 
perhaps the most simple of all onr functions : it can be I 
imitated with remarkable precision in a glat 
in a laboratory experiment. The articles of our food I 
consist, fundamentally, of a few common alimentary \ 
principles, which can be counted on the five fingers— 
proteid substances, collagenous matters, starchy and | 
saccharine compounds, and fat. Both in regard to hia I 
digestive juices and the alimentary principles submitted | 
to their operation, man does not differ in any essential I 
particular from the lower animals, and yet it would seem \ 
as if the function of digestion were less perfectly adjusted, 
and its equilibrium more easily disturbed in man than I 
in the lower animals. The cause of this discrepancy is I 
to be sought partly in the quicker and more universal I 
sympathies of his nervous system, and partly and chiefly I 
in the extraordinary complexities which civilised man I 
has introduced into his dietary. He has departed widely, f 
and is departing more and more, m regard to his food, f 
from the simpHcity and uniformity of his primitive I 
nature. Scarcely any two of his meals are exactly! 
alike '^and although the adjustive power of his i 
tive organs keeps pace in the main with this increasing! 
complexity, the process of adjustment in many 
dividuats seems to lag a good deal behind their require- J 
ments. 

' Thie variability or diversity 19 a, marked characteristic of the d 
of the civilised races. Not only do tlie saveiaJ daily meals— breaJ 
dinner, Ac, — differ from each other, bat among the easier olasHes thJ 
breakfaat or dinner nf one day generally differs mare or less from the oe 
responding meal of another day. Animals in a, state of nature exhibtl 
little or none of this diversity ^ — their diet is generally wholly n: 
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!he first class of complicationB with which our 
jstive organs have to deal are those arising from the 
elaborate preliminary preparations, and especially the 
numerous cooMng processes, to which our food is sub- 
jected. In regard to a large part of our food the process 
of cooking is an absolute necessity ; we have no power 
of digesting farinaceous articles withont previous cooking, 
and the same may he said of the collagenous tissues of 
animal flesh. But although we speak of cooking as if it 
were a definite change impressed on articles of food by 
means of heat, the degree of cooking differs greatly. 
We boil or roast animal flesh to varied degi'ees, and in 
the preparation of cereal articles there is very great 
difference in the degree of cooking. A well-boiled gruel 
may be said to be fully cooked, and weli-baked bread 
may be said to be highly cooked, but pastry is usually 
very imperfectly cooked. The complexity thus intro- 
daoed obviously renders the task of adjustment in our 
digestive organs more difficult than if our diet were of 
a more uniform character. Again, we use a number of 
condiments with our food to which the lower animals 
are strangers — salt, vinegar, curries, spices, and sauces 
of all sorts. 

Bat by far the most remarkable departure on the 
part of man in regard to his food from the common 
wa^B of the animal world is the practice lie has accjuired 
of using in large quantities certain articles of a stimu- 
lant or restorative character, of which the chief are 
alcoholic beverages and tea and coffee. These articles 
are not themselves endowed with nutrient properties ; 
but inasmuch as they are taken with food, and mingle 
therewith in the digestive passages, they directly com- 
plicate the task of the digestive organs, as we shall see 
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There are, therefore, in the study of human digestioq 
problems of great interest and importance which t 
not encounter at all in the stud}- of the digestion of thi 
lower animals ; and I propose, in the course of thet 
lectures, to examine in some detail the effects of aloe 
holie beverages, and of tea and coffee, and of one or tyf 
condiments, on the processes of digestion. 

But before coming to this subject I have some ob<J 
servationa to make, of a somewhat fragmentary character^ 
having reference to dietetics in general, 



The science of dietetics must, I apprehend, be mainly 
based and built up on an observation and a study of the 
practices and customs of mankind in regard to their ^ 
food rather than upon any ti prion data supplied 1 
physiologj". In the case of the lower animals, 
assume that each creature selects from the nutriei 
materials within its reach those articles which are moaf 
suited to its well being and are best fitted to promot^ 
its success in the struggle for existence, and that it i 
guided in this selection by an almost unerring instinct 
This, like other instincts, in now explained by biologista 
as consisting essentially in an inherited experiencs 
which has been gradually accumulated through a lonj 
hne of ancestors, and is transmitted by heredity to tb^ 
descendants.' Accordingly, when we see an animal fee " 
ing on a particular kind of food we conclude withod 

' In agreement with this explaD&tioi]. it is laiind that when a 
ate placed under circumEtaDces which are new to them, and which a 
bejond the teaching oi an; poaslble ancestral experience, their foo 
inBtincta fail them. Thus vermin can be eaailj poisoned by the a 
ficiii.] miitnre oF poiaonoua substances with their Food, and oattle r 
introduced into strange pastores in quarters ol the globe tax d 
from their native soil are liable to be poisoned b; .strange herbs, wbid 
however, after a time they learn to avoid. 
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hesitation that that food ia, of all the nutrient materials 
accessible to it, the best adapted for the siMcial wanta of 
its economy. But we know that mau, in regard to his 
bodily funetiona, ia subject to the same laws as those 
which govern the life of the lower animals. And we 
cannot doubt that in the formation of his dietetic habits 
man is guided by the same kind of instincts as thoso 
which guide the rest of the animal creation in the 
choice of their food. 

The generalised food-customs of mankind are there- 
fore not to be viewed as random practices adopted to 
please the palate or to gratify an idle or vicious appetite. 
These customs must he regarded as the outcome of pro- 
fonnd instincts, which correspond to important wants of 
the human economy. They ai-e the fi'uit of a colossal 
experience, accumulated by countless millions of men 
through successive generations. They have the same 
weight and significance as other kindred facta of natural 
history, and are fitted to yield to observation and study 
lessons of the highest scientific and practical value. 

In taking dietetic customs as objects of study it is 
obvious that widely diaseminated customs, followed by 
many races and by vast masses of population, have a 
deeper and wider significance than customs limited to 
small communities or to isolated familes or individuals. 
It is also obvious that the practices of the more success- 
ful races, and of the easier classes of a nation, are more 
likely to yield good dietetic models than the practices of 
backward races, or of the poorer classes. Because the 
former, owing to their ampler means, have greater 
freedom oE choicej and because also theii- greater success 
in the struggle for predominance is prima facie evidence 
of the beneficial tendency of their food-habits. I need 
bardly say that dietetic customs which are not the 
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outcome of the free choice of the population, 
the consequeuce of le^fislative enactments or of rehgioua 
injunctions, are of no utility as guides in the study of 
dieteticfi^exeept, indeed, as warnings of the mischief 
that may accrue from ignorant meddling. 

The British races and the other races of Western 
Europe, together with their descendants in different imrts 
of the globe, are, on the grounds just stated, fitted to 
supply us with a body of dietetic customs which may be 
regarded as a beneficial model. These races and nationB 
are, on the whole, but especially in intellectual power, 
far in advance of all others. Their food-customs have 
grown up spontaneously, without material interference 
from legislator or rehgious reformer. Theu- world-wide 
commerce has brought cheaply to their doors the products 
of every land and every clime, and has enabled them to 
exercise a greater freedom of selection than has been 
possible to any other races. 

The sahent characteristics of the diet of the Western 
races may be expressed in a few words. It consists 
partly of cereal and farinaceous articles and fruit, and 
partly of animal flesh. The use of alcohohc beverages 
is almost universal among them, and they consume, in 
large quantity, tea, or coffee, or cocoa, or all three. I 
propose to make a few remarks on each of these charac- 
teristics. 

THE USE OF MEAT. 

It has been estimated that among the easier classes 
in Western Europe about one-fourth of their food con- 
sists of meat or fish, and three-fourths of vegetable 
articles and fruit. In this, our own country, the con- 
sumption of meat is considerably larger than on the 
Continent of Europe.' 

' The consumption of meat per head per aunuin ia estiniBited. as 
JSSIbs. in England, 40 lbs. in ¥Tft\ice,'A&\\ia.\n ?vu?,s\ii.awl 84 lbs. in 
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This consamptioii is also Bteadily increasing. Tho 
increase, however, ia not due to any cliange of habits 
among the easier claasea, but to an increasing use of 
meat among the working classes. As wages improve the 
diet of the working classes tends to become more and 
more assimilated to that of the easier clasBes. Among 
the latter it may be said that a state of stable equilibrium 
in regard to this point has been attained, or at least 
approached, and that meat constitutes as large a part 
of their dietary as it ia likely to reach. But with the 
larger pai-t of the population this is far from being the 
case. Meat is a dear form of food. In regard to proteid 
matter, lean beef contains, roughly speaking, twice as 
mnch as wheat flour, but beef is about four times as 
dear aa flour, so that you may estimate that proteids of 
animal source are about twice as costly as proteids of 
vegetable source. The want of means among the poorer 
idassea prevents this part of the population from in- 
dnlging in meat to the full length of their desires. The 
proportion of meat which enters the houaeholda of the 
easy classes is greatly in excess of that which enters the 
households of the leas affluent. We should not probably 
be far out in estimating that if the entire population 
coneumed as much meat per head aa do the wealthier 
portions the total conaumption of meat in this country 
■would be increased threefold. 

THE USB OF ALCOHOL. 

The use of alcoholic beverages is a marked charac- 
teristic of the diet of the European and other progressive 
races. The vast populations of Asia, with the exception 

Belgium. It ia larger in cities than in rural dietricta, and ia lareest of 
ItU in hondon.^-Condition of Nations, hj Kolb, p. 9fil. 




of the Japanese ' and the Indian Parsees,- are aimost'l 
non-alcoholic in their habita. This is largely due to the 
prevalence of the tenets of Islam throughout Asia and 
the injunctions against the use of wine in the Mahom- 
medan system. There is an impression that the British 
races enjoy a bad pre-eminence for their use of alcohol. 
But this impression is not borne out by exact inquiry, 
It would appear from the most reliable statistical returni 
that there is a eonsiderable uniformity in the consnmptio 
of alcohol, per head of the population, among the nationi 
of Europe. Mr. Mott estimates the average conanmptior 
of alcohol among the civilised nations as between fooB 
and five gallons of proof spirit per head per annum.* 
But although the total consumption of alcohol in this 
country be not excessive for the entire population, 
larger number of individuals take an excessive quantity 
than ia the case among most of our neighbours across 
the Channel. 

There are certain inferior races who appear to bi 
altogether intolerant of alcohol. Either it does not sail 
their type of nutrition or they lack the aelf-control whict 
^ to its beneficial use. The Indians of Nortfci 



' Sak^, the national beverage ot the Japanese, is a kind of strong beei^ 
uontaining about 10 per cent, of aloobol, bieved from rice by a pecuUaf 
method, quite different from the processes used in Europe. The coi 
sumption of sak£ in Japan is on a vecy large scale, and tlie Governntei 
derives abont a siitb of its reienue therefrom, Mr. B. W. Atkinao 
formerly Profeasor of Chemistry in the Univeraity of Tokto. estimrtea thl 
the Japanese consnme per head about oae-third as much alcohol in tl 
lomt uf sak^ as is consumed in England in the form of beer. Sak^bret 
Ing is known to have existed on a large scale in Japan for 300 years.- 
Memoirs ot the Science Department of the Tokio University, No. 6. 
CheTiiislry of Sake Brewing, by B. W. Atkinson, printed at Tokio, 1881 

^ The habits of the Indian Parseea in regard to the use of alcoho 
neem to resemble those of temperate Europeans. — See Hatory of Ike 
Indian Farsig. by Dosabhai Framji Karaka : London, 188*. 
tlott.—Natimal SevUw, May, 1881, p. 296. 
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America are aaid to be excited almost to madness by aoy 
use of alcobol, insomucb tbat the Colonial authorities 
forbid, under heavy penalties, the giving or selling of 
alcoholic Uquors to the native tribes. The Ainosof Yezo, 
a subject race inhabiting the northern island of Japan, 
appear to be wholly wanting in self-control in the use of 
alcohohc stimulants, for which thej evince an irrepressible 
passion. Whenever they have the opportunity, both the 
men and the women drink themselves to a state of in- 
senaibOity.' The defective reaction of these races towards 
alcohol may be compared to a similarly defective re- 
action in certain individuals and certain families among 
ourselves. 

THE USE OF TEA, COFFEE, AND COCOA. 

Within the last two centuries an important change 
has taken place in the dietetic customs of the European 
natious through the introduction of tea, coffee, and cocoa. 
The use of these beverages has spread rapidly among the 
populations, and at the present day they are articles of 
large and almost universal consumption. In this country 
all three beverages are in common use side by side, but 
tea takes a large and increasing lead, especially among 
the working classes. On the Continent the use of one 
or other of these beverages prevails almost to the exclu- 
sion of the rest ; in France and Germany coffee prevails, 
in Kussia tea, and in Spain and Italy cocoa or choco- 
late. 

The introduction oftbese articles constitutes, without 
doubt, the moat remarkable dietetic revolution witnessed 
among men in historic times. Within the last hundred 
years the use of these beverages has become so large and 
so general that we may fairly assume thai; a sufficient 
Unbeaten Tracks in Japan, by Miss Bird, toI. ii. 
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time ha.s elapsed to enable ub to form a judgment of thei 
effects on national characteristics. That the effects have 
not been injurious to the nations of Europe is demon-] 
strated by the continued progress of these nations, anda 
their increasing ascendency among the nations of thel 
world. It is scarcely possible that so important and so 
pecuhar an addition to our dietary baa not had some effect 
on the type of nutrition, and more particularly on the 
nutrition of the brain and nervous aystem. Reflecting 
on this matter, I have not been able to avoid the impres- 
sion that it is possible to trace a change in the mental , 
type of the Western races in the last three generationa.| 
There is, I think, to be observed an increased precision inl 
their mental operations, resulting in an improved criti- J 
cism, and in the rise and progress of the exact 8cience9.J 
It ia certainly remarkable that within the last centuryj 
coincident with the spread of tea, and coffee, and c 
and perhaps I should add tobacco, and in combinati(H 
with the ancient usage of alcohol, there has been, with! 
this brief epoch, more progress made in criticism and t 
exact sciences and the dependent industrial ai'ts, thanil 
all the preceding ages of the world ; whereas, during thi 
same epoch, art and literature, which depend more ( 
the imagination, have practically stood still. The r 
cidence is at least suggestive. 

It is to be noted that (at least among the En^isi 
speaking communities) the general custom with regard b 
tea and coffee is to take these beverages in the mon 
and afternoon, whereas with regard to alcohol the custo 
is reversed. As a rule, alcoholic beverages are not takel 
before the mid-day meal, and the larger portion of t' 
daily consumption is reserved for the last meal and fl 
the period intervening between that meal and bed-tim 
The reason of this is obvious. Tea and coffee tend I 



r. 



DIETETIC HABITS OF THE TWO SEXES W6 

promote wakefulness ; alcohol, on the other hand, in the 
eecond phase of ita effects, tends to lethargy and the 
promotion of sleep. 

DffiTETIC HABITS OF THE TWO SEXES, OF rNFANTS AND 
CHILDREN, AND OF THE AGED. 



is a clear difference to be discerned in the 
stic habits of the two sexes. There are no available 
statistical data to go upon ; hut from common observa- 
tion we cannot fail to note that men eat much more meat 
than women. Probably we should not err in estimating 
that two-thirds of the meat brought to market is eaten 
hy the men, and only one-third by the women. In re- 
gard to alcohol, the contrast is still more marked. My 
impression is that, in this country, three -fourths, if not 
four-fifths, of the alcohol is consumed by men, and only 
one-fourth or one-fifth by the women. On the other 
hand, the consumption of tea and coffee — but especially 
of tea — is markedly more abundant among women than 
among men. The comparison is completed when we add 
that women consume, in proportion to the totality of 
their food, more milk and more bread than men do.' 

Alongside the main dietetic habits estabhshed for the 
profit of the operative mass of the community there are 
secondary habits formed for the use of infants and 
children, and for persons advanced in yeai's. With re- 
gard to infants and children, we observe that they are 
not allowed to partake of the accessory articles of food 
which form so conspicuous a part of the dietary of their 

' If I uni not mistaken, these contraBta in tLe diet of tbe two sexes 
hre more pronounced in this ooantrj than in most otJiere ; and there is, 
|i«rbapi. to be observed a oorresjianding bretultb of contrast between 
(lie aliWBClerlaticfl of the two sexes— the men being \es9 efieminate and 
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elders. They are allowed neither the use of alcohol noi 
of tea and coffee, except gradually as they draw toward^ 
the adult age, but are fed on simple iiutrienta^milk,J 
cooked cereals, and more or less meat. 

"With advancing years the diet undergoes a certaiul 
modification. The consumption of meat is, I think,r 
generally lessened, and the consumption of milt andil 
cooked cereals proportionally increased. In regard to J 
alcohol, the modification of habit aeema to vary with the'] 
preceding practice of the individual. Persona who have J 
been in the habit during their prime of taking a full i 
allowance of stimulants gradually diminish the proportion 
as age creeps on and their nutritive processes decline in 
elasticity and power. Sometimes the indications of this 
natural tendency are neglected or resisted by the unwary ; ■ 
they imagine that the quantity ot stimulants which thejl 
tolerated with impunity, or even took with advantage 
during the vigour of manhood cannot hurt them in late 
life. This, I believe, is an error the commission of whiefa^ 
tends to accelerate senile decay and to provoke fata 
tending organic changes in the kidneys, liver, 
arterial system. 

On the other hand, persons who during their yontt 
and prime have only used alcohol occasionally, or hav( 
abstained entirely from it, fiud advantage in thai 
declining years in a more systematic use of wine c 
spirits. 

It is important to remark that the main dietetii 
customs of a country are instituted for the benefit t 
the robust and healthy, of the sober and temperate, anda 
those of mean or average constitution ; ui other wordB,9 
for those who are bearing the burden of tlie day i 
fighting the battle of life. These form the great c 
and bulk of the adult population, upon whose 1 
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and mental efficiency national progreBs and ascendency 
depend. A good many individuala, and even entire 
familiea, may not find these customs beneficial to theii- 
exceptional tendencies or weaknesses ; they may even 
find them destructive to their health and life ; but here 
as elsewhere, and indeed univerBally, in Nature's opera- 
tions the individual is sacrificed to the welfare of the 

^^^^L So careful ot the tjFpe she needia, 

^^^^V So careless of the single life. 

^^*-'It would not appear to be the part of wisdom to 
depart without some solid reason from the dietetic 
customs of the country. We may be ijuite sure that the 
use of meat and of alcoholic beverages, and of tea and 
eofifee, subserve some useful purposes to the human 
economy ; though we, in our ignorance, may not be able 
to specify them with precision. These cuBtoms are the 
spontaneous outcrop of natural instincts and the fruit of 
an immense experience; and the sanction they derive 

I therefrom constitutes an incomparably weightier autho- 

' rity than any other we possess. 

Nevertheless difterencea of conBtitution and personal 
idiosyncrasies have to be reckoned with ; and there are 
frequently good, indeed paramount, reasons why indi- 
viduals should, in some particular or other, depart from 
the general dietetic plan, 1 have known a few natural- 
bom vegetarians who have had a life-long distaste for 
meat.' Some peiaous are intolerant of tea, others are 
intolerant of coffee. It is, however, with respect to 
alcohol that the most important deviations from the 
mean type of constitution occur. Some persona ai-e 

' It ie not very uncommon to meet with children who have bq aver- 
sion to neat, and who require considerable training on the part ol their 
f^tiaU to occastom them to its use. 
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made uncomfortable by the moat Bparing use of alooholJ 
either throughout their life or at some ejioch of it. &M 
good many also are wanting in that self-control which is I 
necessary to the salutary use of this stimulant. These I 
peculiarities or idiosyncrasies must be attended to. It I 
may be regarded as certain that any food or food-accesBoryJ 
the use of which is followed by a sense of discomfort W 
is not beneficial to that individual. Persons who axem 
unable to take alcohol in moderation should, on pain otm 
loss of health and life, altogether abstain from its use, t 
for to them it is easier to abstain than to be abstemioua. f 



EFFECT OF THE QUALITY OF THE FOOD ON NUTBITION 
AND VITAL HABITS. 

There are some very subtle and exceedingly carioiU 
relations between the quality of the food and thM^ 
nutrition and vitaJ habits of the body. They are pro*! 
foundly difficult to understand, and yet are absolutely]^ 
authentic and highly important. One would think tbfttq 
so long as an animal obtained his due quantity i 
proteida, carbohydrates, and fats, it did not matte 
much from what source they were obtained. But I 
is far from being the case. There are differences i 
effect not only between animal and vegetable articles c 
food, but also between one kind of animal food t 
another, and between one kind of vegetable food i 
another. 

A remarkable illustration of the effect of the gualiU 
of the food on nutrition is supplied by the honey-bt 
It ia well known that when by some untoward accidei 
a hive loses its queen the community have the power ( 
providing themselves with a new queen. This ia effected 
in the following manner. They take one of the ordinal 
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neuter eggs, which in the usual course would produce 
an imperfect female or ' worker ' bee, and place it in a 
peculiarly shaped cell, and feed the larva when hatched 
with a peculiar kind of food which bee-keepers term 
• Eoyal Jelly.' The ordinary worker larva only gets one 
meal — its first — of this dainty, and is afterwards fed with 
some coarser stuff, but the intended cjueen is fed through- 
ont her larva-ship with royal jeUy. The consequence of 
this difference of diet is that the larva so fed comes 
quickly to maturity, and, instead of turning out a neuter, 
tnrna out a fertile female, or queen-bee.' 

Other illustrations are furnished by our domestic 
animals. Experience has taught trainers that the vital 
habits and qualities of horses and dogs are considerably 
modified by the nature of their food. The characteristics 
of each strain are transmitted by heredity, but in order 
that they may be maintained in perfection the offspring 
must be fed with appropriate food. Trainers will tell 
you that the hunter and the draught-horse require to 
be fed differently. The hunter is bred and fed for speed 
and carrying power ; the draught-horse for bulk and 
strength. In the hunter is wanted rapid hberation of 
energy within a comparatively short space of time ; in 
the draught-horse is wanted a more gi-adual liberation 

' • It ia wali known that hemp-Heed causes bullfinches and Certain 
Other birds to become black. Mr. Wallace bas communicated to me 
some much more remarkable facts of the same nature. The natives of 
the Amazonian region feed the common green parrot with the fat o£ 
large SUurnid fishes, and the birde thus treitted became beautifully 
vort^ated with red and yellow feathers. In the MaJajan Archipelago 
the natives of Gilolo alter in an aiialogoD9 manner the cotoars of another 
parrot, wunely, the Loriua gamtlus, Linn., and thus produce the Lori 
rt^jah, or King-Lory. These parrots in the Malay Islands and South 
America, when fed by the natives on natural vegetable food, such as 
rice and plantains, retain their proper colours.'— Darwin Aniinats and 
-JgJiMti ttnder Domeilicalion, vol. ii., p. 369. 
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of energy and for a longer period. To bring out thei 
qualities each strain must be fed appropriately. Th 
hunter ia fed on a concentrated and Btimulating form c 
food — chiefly on the heaviest and most expensive oats- 
which, if I may so express it, ia the 'beef of the vege« 
table feeders ; and, unless he ia ao fed, he will not perform 
satisfactorily in the hunting-field. The dra-ught^horao 
is fed on a lower and less stimulating diet — on Indiai 
corn and chopped hay — food which tends to increaae bul 
and weight. 

Slow-going aporting dogs — setters and harriers- 
fed chiefly on oatmeal and weak broth, but the courainf 
greyhound is trained on the very best of beef and mutton ; 
and if these distinctions in the feeding are not observef 
neither kind comes up to its best performances. 

These differences are expressed in popular phrase bj 
saying that the hunter and the coursing greyhound a 
' high-fed,' and the draught-horse and sporting-dog i 
' low-fed.' The same kind of distinction may be draw: 
in regard to the diet of different members of the humu 
family ; some are high-fed and some are low-fe4,' 
Speaking generally, it may be said that high-feeding 
in the case of man, consists mainly in a liberal aJloW' 
ance of meat and in the systematic use of alcoholic 
beverages, and that low-feeding consists in a diet 
which is mainly vegetarian and non-alcoholic. On the 
ground of this distinction it may be said that the 
European races are more highly fed than the Asiatic, 
that the British races are more highly fed than the Con- 
tinental races, and that the inhabitants of London (owing 
to their large consumption of meat) are the most highly 
fed population in the world. The easier classes are mors 
highly fed than the poorer classes, the town artisan i 
more highly fed than the agricultural labourer. 
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In drawing this contrast between high-feeding and 
low-feeding, the distinction has reference Bolely to the 
quahty and not to the quantity of the food — to its com- 
parative stimulating properties and concentration. It 
should also be remarked that it is the every-day habit that 
determines the character of the diet, and not occasional 
indulgence. A man may drink alcohol to excess or gorge 
himself with meat once a week or now and then, and yet 
have a low general standard of diet. Another man may 
be a spare liver, but if he take regularly meat three 
timeB a day, and drink daily of high-class wines or 
spirits, even in the most modest proportion, his diet must 
be ranked as high. There are distinctions also to be 
drawn in regard to the several kinds of meat and the 
several kinds of vegetable articles used. Beef and game 
should probably be ranked as a higher diet than poultry 
and tish, and oats and wheat as higher than rice and 
potatoes. 

If we compare, as best we may with our limited in- 
formation, the general characteristics of the high-fed and 
low-fed classes and races, there is, I think, to be perceived 
a broad distinction between them. In regard to bodily 
strength and longevity the difference is inconsiderable ; 
hut in regard to mental qualities the distinction is marked. 
The high-fed classes and races display on the whole 
a richer vitahty, more momentum and individuality of 
character, and a greater brain-|)ower, than their low-fed 
brethren; and they constitute the soil, or breeding-ground, 
out of which eminent men chiefly arise.' 

In calculating what may be termed the ' man-value ' 
of individuals, classes, or races, physical qualities count 
for relatively little. One man may be twice as strong, 

' It ia reniarkable how otlen we hear o( eminent men being troubled 
vith gaut, iind gout is usually produced either hj per«H»I or anceatial 
high feeding. 
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or twice as big, or poBsess twice aa much maacular enj 

■durance, as another ; bnt the difference of value scarcelw 
goes beyond, and rarely even reachea, this proportion; 
But the possible difference between the mental capacity 
■of one man and another is immense, almost incalculable.' 
If you try to a.3seas and to compare the value or capacity 
of a man of eminence — whether it be eminence in art, 
literature, science, statesmanship, commercial enterprise, 
colonising aptitude, military command, or any other out- 
come of brain-power, with the value and capacity of an 
•average man, you perceive at once that the proportion is 
not as two to one — but as ten or twenty to one, or even 
as a hundred or more to one. 

Galton, in his interesting and original work on ' Here- 
ditary Genius,' gives a telling illustration of the possible 
■degree of difference in mathematical capacity between 
different individuals. He takes the number of marks 
given to the several candidates in the examination for 
mathematical honours at the University of Cambridge, 
and shows that the senior wrangler exhibits a matha^ 
matical capacity thu-ty or thirty-two times greater thai 
the lowest on the list of honours ; and this last must 1 
€redited with a mathematical capacity many times greatal 
than that of the average undergraduate. 

Differences in mental capacity are referable on ultl 
mate analysis to ditTerences in the type of nutrition 
the brain-cells; and nutrition, as we have seen, is iB«| 
fluenced in a very subtle manner by the quality of t 
food. It is to be borne in mind that, a certain type e 
nutrition having been acquired, it tends to hecom 
intensified and fixed by a continuance of the condition! 
■which originated it and to be transmitted by heredity 
The effects of dietetic habits are not therefore made ful 
apparent in a short time, nor are they easily nor i 
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nullified by a change of diet. Goat furnishes an illus- 
tration of these propositions. Gout ia a type of nutrition 
liable to be acquu-ed by persona who indulge in a certain 
kind of high-feeding. The gouty tendency gradually 
grows under a continuance of the gout-produeing diet, 
until at length it reveals its presence in an arthritic 
attack. But a person bo afflicted cannot easily nor soon 
throw off his gout by reverting to a low scale of feeding ; 
it is often stamped on his constitution for life, and is 
handed on to his posterity. 

Similarly with types of nutrition produced by a low 
standard of diet. The effects of a vegetarian diet or of 
a non-alcoholic regimen would only be gradually deve- 
loped, and would probably not be fully impressed on the 
bodily and mental qualities of the race until after such 
habits had been continued through two or three sueces- 
fiire generations.' 

' I have eDcountered m Saiford, where some jeaiB ago thore existed 
t flourithing colon; of vegetarianB, a, tradition to the effect that though 
legetariBnism might suit the poirenta it was bed for the children. And 
IliBve seeu eame striking examples in that borough which appeared to 
iodicate tlmt this tradition was well founded. 
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EFFECT OF FOOD-ACCESSOBIES ON SAUVART DIGESTION 

(Secmid Lecture of the Oviens College Course.) 



SujiutBY : — Preliniinar; reiaarks— Biobness of human saliva in diaatan 
eoDnected with the habit ot cooking food — Method of experimentatiml 
^EfFtct of alcohol and ardent spirits on salivary digestion — Wines 
Vinegar — Malt liquors — Effervescent table waters - -Tea and ooffee 
Tannio — Effect of carbonate of soda on lea, and of the efferveaoeafl 
table waters on wine — Beef-tea, salt, and sugar. 

Having disposed of these general considerations, I r 
turn to the examination of some of those problemid 
which are special to human dietetics, and which are 
presented to us at all in the study of digestion in thtj 
lower animals. We have seen that the civilised race 
are in the habit of using with their food certain a 
articles of a stimulant or restorative character, whiol 
have no title to be regarded as nutrient substances, Tbea 
form no part of the diet of the lower animals, nor ai"e then 
necessary or essential to our own diet. Nevertheless thej 
are consumed by us in enormous quantities, and at a pre 
digious cost. 

What is the effect of these several aeeeseories c 
proceeses of digestion ? Do they help, or do they hinder] 
or are they indifferent ? 

These are the qnestiona I propose to consider. Diges 
tion, as you know, is carried on in three succeasive atagt 
; in the mouth under the influence of salivai 
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diastase, iii the stomach under the iafluence uf pepBin 
and hydrochloric acid, and in the small intestine under 
t]ie influence of the pancreatic juice. I shall take these 
stages in succession, and inquire in each case what is 
the effect of our various food-accessories on these several 
phases of the digestive process. 



EFFECT OF FOOD-ACCEBSOBIBS ON SALIVARY DIGESTION. 

Sahvary digestion consists in the transfoi-mation of 
starch into sugai-. It takes place partly in the mouth 
during the process of mastication and partly in the 
Btomach on the arrival of the food in that viscua, and it 
continues to go on until the rising acidity of the gastric 
<!ontents puts a final stop to diastasic action. The time of 
salivary digestion is therefore brief, and to be of any avail 
the action must be energetic. The digestion of starch 
bj saliva is never more than partial ; and seeing that the 
pancreatic juice lies in reserve in the duodenum, and that 
this has an intense amylolytie activity, it is obvious that 
starchy matters would not fail of being digested even if 
they were not subjected at all to salivary action. Some 
physiologists have even doubted, on the ground of obser- 
vations on animals, whether the action of saliva on starch 
IB of any importance. But it is to be remai-ked that 
linman sahva is peculiarly rich in diastase, richer appa- 
rently than the saliva of any other creature. And this 
wealth of diastase, we may be sure, is not there for 
nothing. If salivai-y diastase were of no service, it would, 
in accordance with a well-known biological law, soon fall 
into abeyance and cease to be secreted. It can scarcely 
be doubted, I think, that the exceptional richness in dia- 
stase of human saliva has special relation to the habit 

1 has acquired of cooking hia food. Salivary diastase 
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is powerless ou raw starch, but it acts energetically on 
starch which has been changed to a state of jeliy or 
mucilage by previous boiling or baking. And if we con- 
sider how large a part of our food consiata of bread and 
other cooked farinaceous articles the importance of oar 
exceptional salivary power wilt at once appear. The first 
step in amylolysis is to change starch jelly into soluble 
starch, and this first step is accomplished with extreme 
rapidity ; and although it is only the initial act in the 
transformation of starch, the physical alteration so pro- 
duced is very great and of important advantage in the 
subsequent stages of digestion. By this initial act the 
solid or semi-solid coherent starch jelly is transformed 
into a running liquid. Such articles as bread, pastry, 
and doughy puddings are altered considerably even by 
a brief contact with saliva. Theh texture is rendered 
looser and more penetrable, and this change greatj] 
facihtatea the subsequent task of the gastric juice. 

Methwl of Experimentation.— In testing the effeo 
of food-accessories on starch digestion I followed I 
method of diastasimetry described in the precedi 
section (set p. G8 et srq.). I operated on a ' standai 
starch mucilage,' which contained exactly 1 per eenn 
of dry starch. Ten cubic centimeters of this standai 
starch mucilage were diluted with 90 cubic centi4 
meters of water. This was called the ' digesti 
ture," To this was added 1 cubic centimeter of filters 
saliva, and the time of the addition was exactly note 
Digestion soon began, and went on apace. From tiaj 
to time a drop of the digesting mixture was placed ( 
a white porcelain surface and touched with a drop ( 
solution of iodine. At first the well-known dark blin 
coloration was produced by the contact. In a minute o 
two the coloration produced was no longer blue, but viola 
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in another minute it waa fawn, and then very pale yellow, 
and finally in four or five minutes from the commence- 
ment of the experiment the ahatraeted drop gave no colo- 
ration at all with iodine ; all the starch had been converted 
] into colonrieBs dextrine and sugar. The time when this 
' occurred was exactly noted — this was called the ' achro- 
! mic point.' The length o£ time required to reach the 
' achromic point furnished a measure of the spetid, or 
' activity, of digestion. The experiments were always 
performed at or near blood-heat. When I wished to 
', try the effect on starch digestion of a food-accessory, eay 
tea, I added a known quantity of the infusion to the 90 
cubic centimeters of dilution water, or rather I included 
it in this, so that the total digesting mixture always 
amonnte^ to 100 cubic centimeters. The single cubio 
centimeter of saliva was nest added,' I could then see, 
by the length of time required to reach the achromic 
point, whether the addition I had made hastened or 
( retarded digestion, or was indifferent. Operating in this 
I way I tested the effect on salivary digestion of varying 
I proportions pf alcohol, wines, tea, coffee, salt, vinegar, &c. 

^^^^Alcohol, Whisky, ami Brandy. — Alcohol was used as 
"proof spirit ' containing exactly 50 per cent, of absolute 
alcohol. The whisky used was marked 'proof — the 
bfandy was 10 under proof. Gin was found to have nearly 
the Same effect as a watery dilution of corresponding 
ftlBoholic strength. I have not therefore thought it 

Tho same specimsa of aaliva was always employed for tbe same 
^' experiments. Specimens at saliva from the same individual were 
^ ' to vary very little In diastaaio power. 



ALCOHOIJC BEVERAGES. 



^S»»>d to vary 



) PROOF SPIRIT AND ARDEST SPIRITS 

neoeesary to give separately the results obtained with g 
The following table exhibits the resuits obtained : — 

Tabli; I. — Shaioing the effects of Alcohol and of Brand;/ and 

Whisky on Salivary Digesfion. 

10 cf . EUtudsjxl utBro]i mno11age+ verging qiiaatitlH fif prctol Rpir 



Proportion of Proof 




Ttoo to «-hIoh^tb^l,romi>^^m w^ r«al»l ^ 


DigaaiiB Miitu™ 


PnwC Spirit Preno}i Bmiulf Bsotcli Wlilskf 


S per cent. . 
10 „ 
20 

40 ., 
HO 
70 
90 „ 




4 minates i 4 minutes ' i minutcB || 
4 „ very Blow aetion 30 „ | 
4 „ no action TeryalowaotioJ 
8 „ 1 noMtioa^ 

20 ., j .. " 1 
very slow action „ •• M 
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The icdicated ' normal ' of four minutes inserted ag 
the head of the columns signifies that with siraijle waterJ 
without any foreign addition, the aehromic point wa^ 
reached in four minutes at blood heat. The first colui 
shows the action of alcohol, merely diluted with water] 
and it is seen that the influence is extraordinarily slightrB 
When the proportion of proof spirit amounts to 20 per 
cent, there is a slight precipitation of starch ; this in- 
creases as the proportion of alcohol rises until, with 90 
per cent, proof spirit, there was almost total precipitation 
of starch. This precipitation evidently interferes with 
the activity of the ferment ; but, even with 90 per cent> 
of proof spirit in the digesting mixture, there was Bomai 
action, and sugar could be detected after a while in thc^ 
mixture ; gin gave approximately the same results i 
proof spirit. But brandy and Scotch whisky showet 
an inhibitory effect greatly out of proportion to tki 
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quantity of alcohol contained in them; and brandy was 
sensibly worse than whisky. The cause of this dis- 
crepancy does not depend on the slight acidity of these 
spirits, for I obtained the same results when this was 
nentraliBed. It seems to be owing chiefly to certain 
ethereal bodies and volatile oils contained in them. In 
the caee of brandy the retarding effect depends partly on 
a trace of tannin which that spirit always contains ; and 
tannin, as we shall presently see, has an intense inhibi- 
tory effect on salivary action. 

Looking at these results, it would not appear that 
ardent spirits, as used dietetic ally, hamper salivary 
digestion, but rather promote it by causing an increased 
flow of saliva. A tea-spoonful of brandy or whisky, 
intro<luced into the mouth, can be perceived at once to 
cause a gush of saliva. The common practice of adding 
a table-spoonfnl of brandy to a basin of arrowroot or 
sago gruel, therefore, promotes its digestion ; but the 
proportion should not much exceed five per cent., and 
gin is evidently a preferable addition to brandy or 
whisky. Brandy and whisky precipitated the starch 
more readily than proof spirit or gin. 

[Vines. — Both the stronger and the lighter wines 
showed a powerful inhibitory effect on salivary digestion. 
Kven so small a proportion as 1 per cent, of sherry or 
hock was found to paralyse saliva almost completely, and 
evtji one half or one quarter of this proportion delayed 
the achromatic point appreciably. Claret and port wine 
behaved similarly. The inhibitory effect of wines is en- 
tirely due to the very considerable degree of acidity which 
they all possess. In the preparation of white wine whey 
we are in the habit, unconsciously, of utilising the acidity 
uf sherry to break the hot milk, for it is not the spirit 
mtained in the wine, but its acid, that causes the milk 
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to eui'dle. When the acidity of wines is neutraliseil 
they lose entirely their inhibitory effect on salivary 



TiBu; n.- — Exhibits tlie tesidts obtained viith Sherry and Hock 
on Salivary Digestion. 



PraportfoB ot ShaTj or Hook 
cmtatPBl in tbe 
Digesting Miilure 


%i^ 


omio puiDt wu mohei 
mlnuw.) 


Sherrj- 


h™. 


0-25 per cent. 

0-5 

1- 

2- 

40- 




8 minnteE 

30 „ 

1 no action bejanil i 

\ soluble etaich ' 

no action 


16 minutsB 
80 „ 

1 soluble Btaicb i 
no action 
4 minutes 



Action of Acids <in Salivaiy Digcstinn. — This is a 
question of considerable interest — not only because we 
are in the habit ot using acid wines and malt liquors 
with our food, but also vinegar and pickles and lemon- 
juice ; and eat puddings and pies containing acid fruits 
or acid rhubarb stallis. 

The annexed table showR the efl'ect of table vinegar 
on salivary digestion : — 

TiBLB lU.—E^ect of Table Vinegar on Salhary Digestiun. 



h'numrHnii of Vlnemr rontained i 
Clg«!ting MlMnn. 


„. 


Time 


in wlri^h the BDbromto paint n 
Kulitil (HDnoal. 4 minnt«) 


- 


0-02 per oent.= lin 5,000 . 
0-05 ., = 1 in 2,000 . 
0-1 „ "1 in 1,000 . 
0-2 „ - 1 in 500 . 


e minutes 
14 „ 
30 .. 

no action 


I 
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R?he table shows that the hindering effect of vinegfir 
ry powerful. Even so small a proportion as 1 in 
o,uuO sensibly delayed the action; with a proportion of 
1 in 1,000 the action was very slow, and it was altogether 
arrested when the proportion of vinegar rose to 1 in 
500. 

The bearing of these results on the use of sakds is 
evident. Salads are usually highly seasoned with vinegar, 
and they are commonly eaten with a liberal use of bread. 
The acid may perhaps assist in the digestion of the salad ; 
but it is obvious that it would altogether prevent any 
salivary action on the bread eaten with it. This, of 
coin-se, is a matter of no moment to a eupeptic individual, 
who has abundant digestive resources ; but those of weak 
digestion would do well to be sparing in the use of acid 
salads and other sour dishes. 

Mall Liqiun's. — Malt liquors were found to hamper 
salivary digestion exactly in proportion to their degj ee of 
acidity. Sound English beers have not nearly so much 
acidity as wines — and they interfere comparatively little 
with the digestion of starch ; but ' turned ' heer is highly 
inhibitory. 

Effervescent Table Waters. — The examination of these 
yielded some odd results. A pure aerated water, charged 
merely with carbonic acid, exhibited considerable inhibi- 
tory power on saHvary action. "When the digesting mix- 
ture contained 50 per cent, of a carbonated water the 
diastosic action was wholly arrested, and even so small 
a proportion as 10 per cent, postponed the achro- 
matic point from the normal of four minutes to thirty 
minutes. But the effervescent table waters of eom- 
merce^soda water, potash water, seltzer water, Apol- 
Enaris water, etc. — are all more or less charged with 
le carbonates ; and this charge of alkali altogether 
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removes their inhibitory effect on salivary digestion. 
These waters are, as you know, extensively used both. J 
here, and still more on the Continent of Europe, as i 
addition to wines^ — to claret, hock, and sherry espeeiatlyj 
And the effect of this addition is to greatly mitigate, or ' 
wholly to obviate, the retarding influence of tbese wines 
on the digestion of starch. The use of these waters as 
an addition to wines is, therefore, highly commendable. 

TEA, COFFEE, AND COCOA. 

The effect of tea and coffee on salivary digestion pre- 
sented a strong contrast, for while tea exhibited an intense 
inhibitory action, coffee — and with it nnay be ranged cocoa 
— had only a subordinate effect. As this is theiii'st time 
I have had occasion to speak of experimental inciuiries 
into the effect of these beverages, I must enter into a 
little explanation. There is no standard strength of tea 
and coffee, but from information gathered in the social 
circle, and observations on the beverages put on my own 
table, I have learnt that the medium strength of tea is 
from 4 to 5 per cent., that is, four or five parts by 
weight of the dry leaf to a hundred parts of boiling 
water. Strong tea runs up to about 7 per cent,, and 
weak tea goes down to 2 per cent. Coffee is generally 
used in a stronger infusion than tea. Medium coffee 
has a strength of about 7 per cent., and strong coffee 
— the black coffee or ' Cafe noir ' of our French neigh- 
bours — has a strength of about 12 or 15 per cent. 
Cocoa, on the other hand, is usually made weak ; the 
printed directions given on the packets of cocoa indicate 
a strength of only about 2 per cent. This is probably 
one of the reasons why cocoa has a higher reputation 
as an aid to digestion than tea or coffee. 
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^P Htrength 


Cuffee-« per oem. 


1 per cent. ... 8 minutes 
a „ ... 30 ., 
a „ ... 1 so „ 
5 ,. ... 180 ., 
If, 1 1 no action beyond i 
*" " ■ ■ ■ i aoluble etacch i 
30 „ ... no action 
40 „ ... — 
60 „ ... - 


4 minutes 
10 i' 

20 



r«a. — The table showa that tea ia a powerful retarder 
ot salivary digestion. When the digeating mixture con- 
tained even so small a proportion as I per cent, there 
was a perceptible retardation, and aa the proportion 
increased the inhibitory effect was rapidly intensified. 
With a proportion of 2 and 8 per cent, the achro- 
matic point was delayed from the normal of four 
minutes to thirty and fifty minutes respectively ; with 
5 per cent, it was delayed to three hours, and above 
tbis proportion there was practically no digestion of 
atarch. A specimen of high-class Assam tea was found 
to retard salivary digestion somewhat more powerfully 
than a good China tea, A very cheap low-class tea 
eoBting Is. 6<l. per lb., such as is eupplied to the poorest 
olaeees, had very little retarding effect. It was probably 
an adulterated article. 

What is the cause of the inhibitory action of tea 
on saUvary digestion ? It seems to be entirely due to 
B large proportion of tannin contained in tea. Black 
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China tea contains, according to the analyeee of Jauke, 
an average of 8 per cent, of tannin ; ' and, as Urn 
following table shows, tannin is highly inimical to the 
digestion of starch. 

Table V. — Shows the effect of Tannin ore Salivary IHgeation. 
m cf.c, slADdard Aarcli mudlaffe-fTarj'ingqu&ntitieeoftauDin-l' water to 



Proportion o( Tannin in the 
Dlgeattust M inure 


Time In whieh tbe Kcbmnuo pnlul vm 


0-002 per cent. = 1 in 50.000 
0-005 „ =imao,ooo 
0-01 „ =1 in 10,000 
0'02 „ =lin 5,000 


10 minutes 
40 

no digestion 



On comparing the results obtained with tea and 
those obtained with tannin, and calculating tbe amount 
of tannin which would be contained in a 5 per cent, 
infusion of tea, the conclusion is arrived at that the 
tannin contained in tea fully siceounta for its inhibitoiy 
effect on salivary digestion. For if the tea operated with 
contained 8 per cent, of tannin, and three-fourths 
of this were taken up in the infusion, it would yield 
a solution containing 0-8 per cent, of tannin, and the 
effect of such a percentage of tannin would correspond 
very exactly with the results shown by experiment to be 
produced by the tea employed. It appears that tannin 
exists in two conditions in the tea-leaf. One, the larger, 
portion is in the free state, and is easily extracted by 
hot water ; but about one-fourth is fixed and remains 
undissolved in the fully exhausted tea-leaves. Some 
persons have supposed that by infusing tea for a very 
short time — only two or three minutes — the passing of 
tannin into tbe infusion could be avoided. This is 

' Walter Blytb, Foods, tkcir Composition and Analysis, p. 334. 



a delusion ; you caii no more have tea without tannin 
than you can have wine without alcohol. Tdnnin, in 
the free state, is one of the moat soluble substances 
known. If you pour hot water on a little heap of tannin 
it inBtantlj dissolveB like so much pounded hugar 

Tea- leaves when treated with hot water expand at once 
into thin b>'oad laminie, presenting a highly favourable 
condition for the rapid extraction of their soluble consti- 
tuents. Tea infused for two minutes was not found 
sensibly inferior in its retarding power on salivary diges- 
tion to tea infused for thirty minutes. The deteriora- 
tion of the flavour of tea by long infusion appears to 
depend on the slower taking up of a bitter principle, which 
is less soluble than tannin, and which, apparently, does 
not interfere with diastasic action. If you wish to 
niinimige the inhibitory action of tea on starch digestion 
you should direet, not that it be infused for two or three 
minutes, but that it should be made very weak and used 
Very sparingly, and that it should be drunk, not with the 
meal, but after the meal has been swallowed. There is a 
curious difference in the practice of different persona in 
the way in which they imbibe beverages with their raeala. 
Some drmk and eat at the same time ; others eat first 
and driiik afterwards. The latter are the wiser if it be 
an object to facilitate their salivary digestion. 

There is another device by which the inhibitory effect 
of tea on salivary digestion may be obviated, and which 
may be recommended to persons of weak digestion. The 
introduction of a pinch of bicarbonate of soda into the 
teapot completely removes the deterrent effect of tea on 
starch digestion. This is a practice I have seen followed 
in some households under the idea that the soda helps 
to extract the vntue of the tea. I found on experiment 
that the addition of so small a proportion as 1 per cent. 
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I 'Of bicarbonate of soda to the weight of the dry tea-leaf 
greatly mitigated the inhibitory effect of the infusion ■ 
on starch digeation, and that twice this quantity (2 per I 
cent.) almost entirely removed it. This latter proportion I 
corresponds roughly to abont ten grains of soda {as much I 
as will stand on a threepenny-piece) to an ounce of the dry 1 
tea-leaf. A darker coloured infusion is obtained thereby, , 
but the flavour ia not sensibly altered, nor ia there a 
alkaline reaction produced — for tea-infusion, like most I 
other vegetable infusions, is slightly acid to teat paper ; 
and the quantity of Boda here mentioned is only just 1 
sufficient to neutralise that acidity. But is the inhibitory 1 
effect of tea on starch digestion injurious to healthy . 
people ? Is not this retarding effect really one of the j 
objects which we unconsciously aim at in using thia m 
beverage ? I will return to these questiona later on when 3 
I eome to consider the effects of our food-accesBories onf 
peptic digestion. 

The peculiar alkaloid of tea — theine or caffein, fori 
the two bodiea are identical — and the volatile oil which] 
gives it aroma, seem to have no part in th^ inhibitoryfl 
effect of tea on digestion. I made direct experimeatal 
with citrate of caffein, and found it indifferent, at lei 
in auch proportions aa it could ever he present in i 
tea infusions. I tested the effect of theine and the voIatilA.^ 
oil in another way. I sprinkled some dry tea-leaf c 
plate and exposed it for four hours to a temperature t 
212=' Fahr. (100= C). This would suffice to drive off both 
the alkaloid and the volatile oil. Tea so treated was fbuni 
to have lost none of its inhibitory effects on starcl 
digestion. 

Coffee. — Coffee was found to have a far leaa inhibitor] 
action on salivary digestion than tea (see Table IV.).l 
Operating on a 5 per cent, infusion of a high -class coffee 
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it was found that up to a proportion of 20 per cent, in 
the digesting mixture there was no appreciable retard- 
ing effect. With 40 per cent, the achromic point was 
delayed from the normal of four minutes to ten minutes. 
Above this point the retarding effect increased somewhat ; 
but even when the digesting mixture contained 90 per 
cent, of coffee digestion still went on with considerable 
speed. In coffee, tannin is replaced by a modification of 
that substance called caffeo-tannic acid, and this accounts 
for the marked difference in the effect of the two beve- 
rages on salivary digestion. 

Cocoa resembles coffee in its effect on starch diges- 
tion, and it may be regarded as practically indifferent, 
We may therefore infer from these obserratioiis that 
the use ot coffee and cocoa, in bo far as concerns their 
influence on salivary action, is more to be recom- 
mended to persons of feeble digestion than the use 
of tea. 

Beef'tva, Salt, ami Sugar. — We shall see presently that 
both beef-tea and salt exercise a considerable effect on 
peptic digestion ; it was therefore desirable to test their 
influence on salivai-y digestion. I found that neither 
beef-tea, nor salt, nor suga.r, in any such proportions as 
&ey were likely to be used dietetieally, had any effect on 
SfUivary action. Strong solutions of salt and sugar did 
not hinder, and very weak ones did not appreciably 



Such are the facts relating to salivary digestion re- 
vealed by experiment. I have iudicated, in going along, 
the lessons to be learned from them. You will observe 
that none of the agents tried lent any assistance to 
the action of the ferment. Those that were not indiffe- 
rent acted adversely. Tea and wines retarded the most 



126 GENERAL CONCLUSIONS 

powerfully. The distilled spirits, coflfee and cocoa, as 
used dietetieally, may be pronounced to be indifferent. 
The mitigating effects of bicarbonate of soda on tea, 
and of the commercial table-waters on wines, appear to 
be well worth bearing in mind. 



ITECT OF FOOD-ACCESSORIES OK PEPTIC DIGESTION. 

(Third LectuTi of the Owens College Course.) 

IT : — Method ot experiinpiitation — Effect of varying quantities ot 
Siydroohlorio acid — and of pepsin — Effect ot alcohol and the dis- 
Uled apirita— Port and sherry— Hock, claret, and ehanipagne — 
ora — Effervpscent table-waters — Tea and ooffee — Beef-tea 
' and whey — Sngar. Bait, glycerinp, and fruit-juices. 

The full force of the accessory articles of food falls upon 
gastric digestion. Both the food and the accessories 
used therewith pass almost unaltered into the stomach, 
and sojourn there together for some length of time. 
Kxperiments in rilro on gaatrit; digestion do not assimi- 
late so closely to the natural function as is the case with 
experiments on salivary digestion. For, as digestion 
proceeds in the stomach, the conditions gradually vary 
and change; the acidity tends to increase in degree, the 
amonnt of pepsin also probably increases ; the products 
of digestion are in part absorbed as the process goes on ; 
there is also a rapid absorption in the stomach of saline 
matters and of such bodies as alcohol and ethereal 
fomiwiinds. With all this there is a much more perfect 
stirring up or churning of the gastric contents than can 
l)e effectuated in a glass tube or beaker. The results of 
esperiment must therefore he interpreted with a certain 
allowance for these differences of conditions. 

Metliod of Exiierimentatint). — Seeing that the chief 
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work of the stomach is to get the aolid proteide of the | 
food into solution, or into a homogeneous man 
chyme, the most suitable objects for experiment on 
digestion are the various meat and fish mascle-fibre, boiled I 
white-of-egg, and bread. Meat-fibre was prepared by I 
mincing lean beet', carefully freed fi'om fat, and boiling it 1 
for fifteen miuntes in two successive waters. The dry and J 
hard-looking residual fibre, after copious washing with J 
■cold water and pressing with a cloth, was then poanded'J 
in & mortal", and spread out to dry at 100'^ C. Wheal 
thoroughly dried it was reduced to a powder and p 
through a fine wire sieve. In this way a dry powder was 1 
obtained of very uniform character. Fish-fibre, from the] 
cod, was prepared in exactly the same way, and yielded an^ 
admirable material for experiments on digestion. White- 1 
of-egg was prepared by peeling off the white of hard-boiledl 
eggs and then pressing the material through a fine wire^ 
sieve. By this device, long, thin, uniform cylinders ( 
egg-albumen were obtained, very well adapted for tlu 
purpose in hand. Bread was prepared simply by dryinfl 
completely at 100^ C. and then reducing to a fine powdei 
and passing through a sieve. 

Most of the experiments were repeated with egg-albii-J 
men, beef-fibre and fish-fibre, but the larger number ou 
trials were made with the beef-fibre ; and in the tables 
which follow the results with beef-fibre are almost thd^ 
only ones recorded ; for it was fomid that no essenUalJ 
■differences showed themselves in the effect of the sev 
food-accessories on the digestion of these three ] 
parations. 

The general plan of the experiments was the foUo^ 
Pour or five large glass tubes, a, h, v, d, and < 

e each charged with two grams of dry meat- or 1 

B (or ten grams of moist egg-albumen). 100 eubi 
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centimeters of water, acidulated with hydrochloric acid to 
0'15 or 0'2 per cent. HCl, were then added to each tube. 
The tubes were then set upright in a pan of warm water 
and maintained at blood heat. Tube a was always the 
control tube, or ' normal ' tube, and contained nothing 
but the material operated on, acidulated water, and 
pepsin. The remaining tubes, 6, c, d, and e, contained 
varying quantities of the liquid or subatance the effect of 
which it was wished to test. This was always included in 
the dilution water — ^ao that the digesting mixture always 
amounted to 100 cubic centimeters. When the meat or 
fish-fibre had fully swelled out in the acid medium— that 
is to say, in about twenty minutes — ^there were added to 
each tube 2 cubic centimeters of an active glycerine-ex- 
tract of pepsin. The tubes were frequently and equally 
agitated as digestion proceeded. At the end of about thirty 
minutes, under these conditions, digestion was usually 
concluded in the control tube (tube a) — that is to say, 
nearly all the meat- or fish-fibre (or white-of-egg) had 
passed into solution. It could also be seen, by the depth 
and density of the undissolved residue in the other tubes, 
how digestion was going on in them. In the course of an 
hour, or two, or three, a Fair judgment could be formed of 
ths relative progress or speed of digestion in all the tubes. 
In recording the results the time of completed digestion 
in the control tube (or ' normal ') was always taken as 100 
tainutes, though the real time was often only about 30 
minotes. This was done partly to facihtate comparison 
of the results in the several tubes, and partly in order 
to approximate more nearly to the usual duration of 
digestion in the Uving stomach. In most of the tables 
which follow, the results recorded are not the results of 
Bingle experiments, but the mean of several. They must 
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according be reguded not as predse. bat as approsiiua- 
tire, cesBtts. 

For porpoeee wbieh «ill appear later on. it was 
eooaiaed dearafafe, in the first instance, to ascertain 
the dSeet on the qieed of digestion of Tarring quantities 
d hydroehlone add — and of vaijing quantities of pepsin. 
The resolte of esperiments on these points are recorded 
in Tables VL aul TIL 
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Yoa wiU observe that the highest speed of digestion 
was obtained with a proportioa of acid amounting to 0*9 
per cent. HCI. This accords with the results obtained 
long ago by other observers. There is. however, not 
macb difference between any proportions of acid varying 
from 01 per cent. HCI to O'S per cent. HCI ; but above 
and below these proi)ortions of acid the speed of digestion 
rapidly declines. With a proportion below 0-08 per cent. 
HCI, or a proportion above 0-4 per cent. HCI, the time 
in which digestion is completed is more than trebled. 

With varying iiuantities of iiepsin and constant quan- 
tities of acid the relations are quite different, as the 
following table shows. 
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VARYING (QUANTITIES OF PEPS;k 13 

On the Spesd of Peptic Digestwi. 
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It is seen that the speed of digestion is roughly 
proportionate to the amount of pepsin in the digesting 
mixture. The more pepsin, the greater is the speed o 
digestion ; and the less pepsin, the slower is the speed o 
digestion — without any hmit on either side. And we 
ahould probably see, as I formerly observed with diastase 
and starch digestion,' that, if it were possible to arrange 
the experiment so as to eliminate all interfermg con- 
ditions, the speed of peptic digestion would be found to 
be exactly proportional to the quantity of pepsin con- 
tained in the digesting mixture. 

The observations of Eiehet ^ indicate that the degree 
of acidity of the contents of the stomach during digestion, 
although it varies through a considerable range, has a 
marked tendency to maintain a certain normal average 
{which he fixed at about 0-17 per cent. HCl) ; and that if 
either acid or alkali be added to the digesting mass the 
mean is presently restored automatically — the stomach 
in the former case ceasing to secrete acid, and in the 
latter case secreting an increased quantity of acid. 

I now proceed to lay before you the reaults of the 

. ' See p. 70. - Dti Sua Oastriqite, Paris. 1878. 
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experiments made to test the effect of the various food- 
accessories on the speed of peptic digestion — and first 
with regard to alcohol and the various alcoholic beve- 
rages. 

Proof Spirit, Brandy, fVlnsky,and Gin. — ^The results 
are thrown together into a single column, because the 
ardent spirits were found to affect peptic digestion simply 
in proportion to the quantity of alcohol contained in 
them. 

Table VIII.— S?hjio3 Oie effect of Proof Spirit, togeilier with 
Brandy, Whialsy, and Gin, on, Peptic DigBstian. 
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It is quite surprising to observe how slight the effect 
of alcohol is on the chemical acts of digestion. Under 
10 per cent, of proof spirit there was no appreciable 
retardation. With 10 per cent, retardation was only 
barely detectable. With 20 per cent, there was quite 
distinct, but still only a slight, retardation. Above this 
point, however, the inhibitory effect of alcohol increased 
rapidly — it was considerable with 30 per cent, of 
proof spirit — with 40 per cent, digestion was evidently 
embarrassed, and with 50 per cent, the ferment was 
almost paralysed. Considering the quantity of brandy. 
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whisky, or gin commonly used dietetically with meals, 
it is evident that the amount is not sufficient to ap- 
preciably retard the speed of gastric digestion. For if 
the digesting mass in the stomach be estimated at 
2 Ibfi,, a wice-glasB (2 oz.) of brandy or whisky added 
thereto would only equal 5 per cent, of proof spirit, 
and this, as the table shows, is too small a proportion 
to hamper digestion. Even double this amount would 
BCBJCely have an appreciable effect. These spirits there- 
fore impede digestion only when taken immoderately, 
and in intoxieating (juantities. Moreover, alcohol is 
rapidly absorbed by the coats of the stomach, and its 
proportion in the digesting mass would be speedily 
reduced. These experiments therefore indicate that 
ardent spirits, as usually employed dietetically by tem- 
perate persons, act as pure stimulants to gastric digestion, 
causing an increased flow of gastric juice,' and stimu- 
lating the muscular contractions of the viscus, and so 
accelerating the speed of the digestive process in the 
stomach. 

The leas concentrated kinds of alcoholic beverages, 
wine and beers, have an effect on peptic action which 
differs importantly from that of the distilled spirits. 
Their inhibitory influence is greatly out of proportion to 
the dosage of alcohol contained in them. It is desirable 
to distinguish between the effects of the stronger wines 
(port and sherry), and of the lighter wines (clarets, hocks, 
and champagnes), and of malt liquors. 

Skerry and Port Wincx. — The sherry used was a full- 
bodied mature wine of the dessert class. The results 
were controlled by experiments with a light dinner sherry, 
and no great difference was found between them. The 

■ We may OBSume that alcohol ivould act in this respect in ths seme 
wa; as it acta an the salivar; st 
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port used wae over thirty years old, well matured and o 
a fine but light quality. 

Table IX. — Slvni'ing the effect of Sherry and Port m 
Peptic Digesti/m, 

1 C.C. Elycerlnfi-flxtrAoi af 
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It is evident that the retajding effects of sben 
and port considerably exceed what is due to the alcohaj 
contained in them. The tabic shows that when 
digesting mixture contained 40 per cent, of either i 
the action of the ferment was almost brought to a stan^ 
Btill. These wines are estimated to contain about ! 
per cent, of absolute alcohol (or 40 per cent, of proc 
spirit) ; therefore 40 per cent, of these wines is onlj| 
equivalent in alcoholic strength to 16 per cent, of proc 
spirit — and this proportion of alcohol, as may be seen bj| 
Table \1II., retards digestion only shglitlj'. Even ; 
the proportion of 20 per cent., sherry trebled the time h 
which digestion was completed, Ther^ must therefoM^ 
be in these wines some retarding agent besides alcohod 
I shall return to this subject later on. 

As used dietetically, sherry must figure as havi 
frequently an important retarding effect on peptic digee 
tion. This wine is used with dinner by some personi 
very freely. Half-a-pint of sherry is no unusual allow] 
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ance : aiid this, in a total gastric charge of two pounds, 
amounts to about 25 per cent., which the table shows to 
be a highly inhibitory proportion. In the more common 
practice of taking two or three wine-glasses of sherri- 
with dinner ■(ve see probably a double action^a stimu- 
lating action on the secretion of gastric juice, and on 
the muscular contractions of the stomach, and a slight 
retarding effect on the speed of the chemical process. 
especially in its eajly stages. In smaller proportions, a 
wine-glass or so, sherry would act as a pure stimulant 
to digestion. In connection with the dietetic use of 
sherry, it should be further remembered that it exercises 
a strong inhibitory effect on the salivary digestion of 
bread and other farinaceous articles. 

Hock, Claret, and Champafine.— The hock and claret 
(Bordeaux) used were of medium quality ; the cham- 
pagne was Mofit & Chandon's ' extra superior." 

TtBLB X, — Sluncs the effect of Hock, Ctaret, and C!iampagne 
on Fepiic Digestion, 



rupnrtJonr,tHock.('lRrrt 


Time Id which Digestion was completed ] 
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JO ,. . . 
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UO ., 100 ,. 
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We observe again that the retarding effect of these 
wines is out of proportion to the alcohol contained in 
them. These wines are estimated to contain from 10 to 
12 i)er cent, of absolute alcohol (20 to 24 per cent, of 
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proof Spirit), so that, however freely they might be used 
dietetically, the amouat of alcohol so introduced, even if 
they were used up to 80 per cent, of the total contents of 
the stomach, would scarcely produce an appreciable effect 
on peptic action. "We must, therefore, again here re- 
cognise the presence of some other retarding agent J 
besides alcohol. The table shows that champagne haa I 
a markedly less retarding effect than hock and claret. 1 
Indeed, in the proportion of 10 per cent., champagne fl 
had a distinct, though slight, accelerating effect. Thial 
superiority of champagne is due probably, as we shallJ 
presently see reason to believe, to the mechanical effectflj 
of its effervescent qualities. I 

If we consider the copious proportions in which hocn 
and claret are used dietetically, it becomes evident that4 
their retai-ding effect on peptic digestion is often hroughn 
into play. A pint of claret or hock is a common allow-a 
ance with dinner for robust eaters — and such a propor-l 
tion, as the table shows, would not be without consider*! 
able effect. When French and Italian peasants use freely^ 
as they do, a wine akin to claa-et with their meals, wbio^l 
are mainly composed of bread and other farinacea, thn 
effect must be highly retarding on digestion. jl 

On the other hand, the more sparing use of theafl 
wines, a glass or two, with dinner or luncheon vonlfl 
evidently not produce any appreciable retardation ofl 
peptic action, but would, like corresponding doses (n 
sherry, act as pure stimulants. In both these instancei^ 
as in some others, it seems to be indicated that bjH 
adjusting the quantities we may ehcit diverse effectid 
With large (juantitea we may obtain retardation, vi^M 
small quantities we may obtain acceleration of gastrjfl 
.digestion. fl 

M(Ut Liquors. — The malt liquors experimented i^fl 
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were bottled Burton ale, a iiglit sparkling English table 
^ and Lager beer. 
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The retarding effect of malt liquors ia (as is the case 
with wines) altogether out of proportion to their per- 
centage of aleobol. These beverages contain only from 
4 to 6 per cent, of alcohol (8 to 12 per cent, of proof 
spirit), so that the alcohol contained in them could 
scarcely ever, on its own account, produce any effect. 
Their retarding influence nmst, however, often come 
into operation. These beverages are used very freely 
with meals, and the digesting mass in the stomach muat 
often contain them in the proportion of .50 or 60 or 
BOmetimes even 80 i>er cent. Such proportions would 
act as powerful retardanta, especially on the digestion of 
bread and other articles of farinaceous food. In more 
moderate quantities— a tumbler or so — especially of the 
lighter beers, the effect would evidently be rather to 
promote than to retard gastric digestion. It was found 
experimentally that beer when ' well up ' was distinctly 
more favourable to quick digestion than the same Ijeer 
when ' flat." 

Eferrescijiit Table Watei-g. — Simple carbonated water 
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diBtinctly hastened peptic digestion ; but the favoarablf 
effect was quite subordinate — and it was better brough 
out with proportions of 10, 20, and 40 per cent, than 
with larger proportions. I attributed the slight accele- 
ration observed entirely to the mechanical operation of 
the escaping gas in causing an additional stirring up d| 
the digesting mixture. The ordinary commercial effer- 
vescent table waters— soda- and [lotash-water, seltzM, 
and Apollinaris waters — aU contain, as before stated, 
certain quantity of an alkaline carbonate. This would 
have necessarily a certain neutralising effect on the 
acid of the gastric juice. But I was surprised to fin^ 
even in a laboratory experiment — wherein, of course 
there could not be, as would be the case in the livin) 
stomach, any compensating secretion of fi-esh acid— tba 
these waters had, even in the proportion of 90 per cent. 
only a very sHght and inBignifleant deterrent effect ( 
peptic digestion. In smaller proportions their actioi 
was quite inappreciable. It may be inferred from thee 
observations that the sparkUng wines (as indeed wai 
found experimentally to he the case with champagne^ 
are less hindering to digestion than the still wiaeBi 
and that, when used in moderate proportions, they maj 
act, not only as stimulants to the secretion of f 
juice and lo the muscular activity of the viscua, bit 
may, at the same lime, slightly accelerate the speed n 
the chemical process in the stomach. 

Tea and Coffee. — The effect of these import 
beverages is of great interest, in view of their wid» 
diffusion and copious use. A large number of obserr 
vationa were made with the object of testing theS 
influence on peptic digestion. The mean results am 
indicated in the following table : — 
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k Xn.— SAoios ifte e/ec(s 0/ Ten and Coffee on Gastric Digestion,. 
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It is seen that both tea and coffee exercise a powerful 
retarding effect on peptic digestion. With infusions 
of equal strength there was no appreciable difference 
between the two beverages ; but inasmuch as coffee ia 
usually made of greater strength than tea, its effect, as 
dietetically used, is more potent. Cocoa was found, with 
infusiona of equal strength, to possess nearly as much 
retcu'ding effect as tea or coffee ; but as it is usually made 
with a strength of only about 2 per cent., its inhibitory 
effect scarcely comes into play in the customary use of 
this beverage. Strong coffee, the ' cafe noir ' of France, 
is seen to have a very powerful inhibitory effect. Even 
so small a proportion as 10 per cent, of this strong 
coffee in the digesting mixture abated the speed of 
digestion very considerably, and with 20 per cent, diges- 
tion was greatly embarrassed. Considering the copious 
proportions in which we use tea and coffee with our 
meals, it is obvious that the retarding effect of these 
beverages is commonly brought into operation in gastric 
digestion. I could not detect any appreciable difference 
Itetween the effect of tea infused for 2 or 3 minutes and 
tea infused for 15 or 30 minutes. If you wish to mini- 
mise the retarding effects of tea, in persons of weak diges- 
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tion, you ahould give instructions either that the beverage ] 
be made weak or that it be used in eparing quantities.' 

The effect of tea on gastric digestion is enhanced, in *] 
regard to bread and other farinaceous articles, bj its I 
powerful inhibitory action on salivary digestion ; so 1 
that, speaking of these two phases of digestion togethei 
tea must ranlc much higher as a retarding agent than 1 
coffee and cocoa. In the ease of alcoholic beverages, | 
their stimulating influence on secretion, and on the J 
muscular activity of the stomach, operates as a partial I 
set-off against their retarding effect on the chemical I 
process of peptic digestion ; but in the case of tea and f 
coffee there is not, bo far as is known, a corresponding J 
compensation. Tea and coffee are probably pure re- 1 
tarders of the digestive process in the stomach ; and the 1 
question will presently arise as to whether this is an evil J 
or a good. 

Beef-tea and Whey. — Beef-tea may be regarded ( 
the representative type of the various soups and brothi 
which are so largely used as accessories to the more solidl 
ingredients of our meals. And the unexpected effects o 

' A good deal has been said of the injurioaa electa on gastrin digestioB'l 
of the tannin contained in tea. I queBtion whether the statements madA.I 
'with reference to this msttei are 'worth; of attention. It has been allegedl 
that meat-fibre ia hardened b; lea, and that the ooats of the Htomaoh a: 
liable to be injured by this beverage. These views are entirely thoo 
I^eather is no doubt a very tough, indigestible substance, but meat-fibc 
is not gelatine, and the coats of the living stomach are not rteatt membra 
Meat-fibre does not, as a matter of fact, harden in tea ; on the contlarp^ 
it swells □earl; as freely in acidulateil tea, of medium strength, i 
simple acidulated water. And the same ia true of a half per c 
Eolation of pure tannin. The effect of tannin on peptic action is c 
parativelj slight ; and its presence in tea only partially accounts fol 
inhibitory power of tea on the digeation of proteids in the stomach, 
acid reaction of the gastric contenls importantly modifies the reoctic 
tannin on albuminoid solutions, and largely obviates the precipitation 
of proleida which is occasioned by it in neutral media. 
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Iwef-tea on peptic digestion led to an examination of the 
effects of whey, and of infusiona or decoctions of other 
articles of food — bread and fruit, and also of frnit jniees. 
The results obtained with beef-tea and whey are chronicled 
ia the following table. The beef-Cea was made by gently 
boiling or simmering lean miin:ed beef with an equal 
veight of water for thirty minutes, and filtering. The 
whey was made by coagulating warm milk with the 
peptic extract and then straining and filtering. 

X XIII. — Shows the effeei of Beref-tea and H'keij on Peptic IHgeation. 
- 1 oj;. glycerinp-mtraot a( pspalii 




It is seen from the table that beef-tea has a power- 
fully retarding effect on peptic digestion — about equal to 
that of a five-per-cent. tea. Whey retarded sensibly 
leas— about equal to hock. 

With the single and trifling exception of aerated 
(carbonated) water, I found that none of the various 
accessories which we use with food aided peptic digestion. 
The most favourable conditions for rapid digestion were 
obtained with hydrochloric acid, pepsin, and simple 
water. Even minimal quantities of alcohol, wines, tea, 
or coffee did not give the least aasiatance to the ehemi- 
cal process. Some of the aubstancea tried were found 
to be indifferent ; or their retarding effect waa ao alight 

,t in the quantities in which they are generally used 
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dietetically the retardation coald not be regarded as having 
any practical importance. Among these were cane-sugar 
np to a proportion of 10 per cent., glycerine up to the 
8ame proportion, strong decoctions of bread, ri]>e apple, 
and pear, and the expressed juice of the grape and the 
orange. In regard to the two. last, however, it was 
found that when theii" proportion in the digesting mistnre 
amounted to 50 per cent, or over a very considerable 
retardation occurred : grape juice had a more potent 
effect than orange juice. So large a proportion as 50 
per Cfut. of these juices could, however, only occ4ir in 
the gastric contents when these fruits were taken im- 
moderately, as sometimes happens with children.' 

' Dr. W. J. Fraser has pablisbed. id toL iviii. ot the Journal of 
Aitatomy and Phytiologij, a very inleresling paper — based on a large 
nnmber of elabeirBte eipeiimEDts — dealing wich the affects of tea. coffee, 
and cocoa on peptic digestion. The results obtained by Dr. Frasei 
coincided generallj vith those recorded above; he found that these 
beverages in nearly every instance retarded peptic digestion. The plan 
of the experiments differed so widelj from that loUowed by myself that 
it was not found possible to bring the Tasalts of the two seta of experi- 
ments into aneful comparison. 




BPFECT OF FOOD-ACCESSORIES OX PEPTIC .DIGESTION 1 
CONTINUED -THEIR EFFECT ON PANCIIEATIC DIGESTIOHj 

{Foiirtli Lecture of the Owens College Couree.) 

StmuABT : — CauaeB of the retarding effecte of food-occeBsorieB un peptia 
digestion— In the cases of beef-tea and whey — Action of salta of the 
organto acids — and of chlorides of potassiam and eodium — Kfleot of 
auperacidulation and dialysis in removing the retarding effects of 
(ooiI-accesBoriBB— Betardation of peptic digestion probably benefioial 
in purpose— Argument on this question. 

ESeot of food-accesBories on pancreatic digestion- -On pancreatic liiastaae 
— On tryptic digestion. 

The general results of the experimentB described iu the 
preceding lecture appeared to me not a little reraark- 
able. I was particularly surprised to find that beef-tea 
and whey, which, as meat-juice and milk, are common 
articles of food, and which are given to invalids, should 
rank with alcohol, winey, tea, and coffee— and even, in 
the case of beaf-tea, rank high — as retarders of peptic 
digestion, -^d nothing struck me more than the com- 
parative feebleness of alcohol in this respect. Proof spirit, 
whisky, and brandy had no more retarding effect than so 
tmich beef-tea, and we have previously set-n that alcohol 
IB still more feeble as a retorder of salivary digestion. 

What is the cause of these retarding effects ? On 
inquiring into this iiuestion it was speedily seen that 
the cause was different in different cases. In the case 
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organic acids are decomposetl iu the presenee of the 
mineral acids, just as the carbonates are — with this 
difference only, that in the latter oase the carbonic aeitl, 
being gaseous, escapes with effervescence, whereas in the 
former case the organic acids which are set free remain 
in the solation. Therefore, when lactate or tartrate of 
potash is mixed in solution with free hydrochloric acid, 
there is immediately formed chloride of potassium, and 
free lactic or tartaric acid. And this is exactly what 
occurs in the stomach with beef-tea and whey, for the 
hydrochloric acid of the gastric juice seizes on the 
alkaline bases of the lactates contained in these liquids, 
forming therewith chlorides of sodium and potassium, 
and Betting free the organic acid ; and although the 
acidity of the gastric contents is not thereby diminished, 
this acidity no longer consists of hydrochloric acid, but 
partly of that and partly of lactic acid : and if the quantity 
of beef-tea be considerable, all the hydrochloric acid may 
disappear, and only lactic acid he left free in the solation. 
The effect of this substitution is immense, for the organic 
ACida have only a very feeble digestive power as compared 
with hydrochloric acid. On comparing experimentaUy 
tactic and tartai-ic acids with hydrochloric acid, I esti- 
mated that for equal saturating power the organic acids 
bad not more than one-eighth or one-tenth of the diges- 
tive power of the mineral acid. 

In order to test the actual effect of an organic salt 
on peptic digestion I made some observations with the 
neutral tartrate of potash. Varying quantities of this 
Bftlt were added to the usual digesting mixture. The fol- 
ding; table exhibits the results obtained : — 
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TiBLi XlV.~S)ujwi7ig the effects of Salts of the Organic Aeids 

ore Peptic Digestion — Neutral Tartrate of Potath. 
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embarrassed f^M 
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It is seen from the table that even so small a pro 
portion of the tartrate as 1 in 2,000 retards digestif 
appreciably, and that 1 in 800 retards it considerabb 
To obtain an idea of the effect of this in the li' 
stomach, let us suppose that the total gastric content 
during digestion amounted to two pounds (14,000 grains] 
then so small a ijuantity aa seven grains of the tartrat 
of potash would slightly prolong digestion, and eightei 
grains would retard it considerably. 

But the mere subatitution of the organic for ti 
mineral acid is not all— the presence of the newly tormi 
chlorides in the digesting mixture is an additional caa 
of embarrassment to the digestive process. The annesi 
table exhibits the effects of the chlorides of sodium ai 
potassium on peptic digestion. 
Table XV. — Showing the effects of Sodium ajid Potassium Chi 
on Peptic IHgestion, 
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The table shows that sodium chloride has a very 
«>onBiderable power of retarding peptic action. Even 
in the proportion of 1 in 1,000 it has an appreciable 
effect ; and with 0-5 per cent, (or 1 in 200) the effect ia 
so great as almost to bring the process to a standstill ; 
the potassium salt has very distinctly less retarding 
effect, as the table indicates, than the sodium salt.' 

These observations yield presumptive evidence that 
the lactates and neutral mineral salts known to exist in 
beef-tea are the real retarding agents of that liquid, and 
tLat probably kindred salts contained in whey, beer, and 
■%vines may account, at least in part, for the retarding 
effects of these beverages. 

Now, if this explanation be correct, we ought to find 
"fcliat by increasing the hydrochloric acid in a digest- 
ing mixture containing beef-tea the retarding effect ia 
ixiitigated. For if the lactates of beef-tea cause occulta- 
tiion of a portion of the free mineral acid, and thereby 
r-«tard the speed of digestion, we should expect to find 
-fcliat the addition of more of the mineral acid, so as to 
<30mpensate for this loss, would partly obviate the retard- 
ing effect ; and this is precisely what occurred on experi- 
ment. The effect of siiperacMvlation was tested not only 
■with beef-tea, but also with whey, coffee, tea, wines, and 
malt liquors. The results obtained, however, only fully 
anawered expectation in the cases of beef-tea and whey. 

' The powei'ful mhibitory effect of aodium chloride on peptio diges- 
UOD llaa probably some bearing on the old debated questian o£ why the 
■^MBidi does not digest itself. The blood-aermn oontams just 0'5 per 
"M. ol Bodium chloiide, and this pcopoction ia Been by the table to in- 
hlMt jwptio digestion. No doubt, aa Dr. Pavy pointed out, the principal 
"IntKle to the self -digestion of the ntomnoh during life ia the alkaline 
'OMlian of the blood -Berum ; but the presence in it ul the aodinm 
WMcide oonstituieB an additional and veiy interesting security against 
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In regard to the other beveragea named the resulta wei 
either nil or very slight. The observations tabnlated i 
Table VI., page 130, indicate that the rate of digestion of 1 
beef-flbre is sensibly the same with an acidulation u( 0'15 j 
per cent. HCl and with an acidulation of 0-3 per cent. HCl. 
Accordingly comparison was made with these two grades I 
of acidulation in digesting mixtures containing an inhibi- 
tory proportion (that is to say, a proportion which would I 
approximately treble the normal time of digestion) of ] 
beef-tea, whey, coffee, tea, wines, or malt liquors. The | 
reeultB obtained are chronicled in the following table :— 



Table XTI,— SftoteiMj the effect of Superacidtdation on Digesting 
JMiriures containing Inhitntory Quatitities of var 



beel-tsB. whey, teiv. 


coffee, wine, or mall liquor + 


water K, 100 =.x 


1 




AdflltluutotheDlgraMiig 












i 


»■""— HC, 


0-Bperc«,t.Hm 


Beef -ten 40 per cent. 


300 ininuteB 


120 minoteB 


Whey 50 „ 


800 „ 


130 .. 


Coffee SO 


800 




200 „ 










1 Claret 60 


300 




300 „ 


1 Hoot 50 


300 




iiOD ,. 


1 Burton ale 50 


300 




300 „ 


Sherry 90 „ 


300 




330 „ 


Port ao 


300 




330 „ 



It is seen that with beef-tea auperacidulation acted | 
powerfully in obviating the retarding effect, in fact 1 
almost nullifying it altogether. With whey the increased 
acidity also acted powerfully in the same direction — 
not nearly so much, but still considerably, with coffee — . 
much less with tea — and not at all with the lighter wines 
and Burton ale. With sherry and port superaeidola- J 
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tioD distmctly intensified the inhibitory e^ct of iJieso 
beverages.' 

The conclosions were therefore arrived at tlitvt the 
inhibitory effects of beef-tea and whey were larji^ly due 
to the saltg of the organic acids contained in tlien], that 
t}ie same explanation applied only partially to th<> oHTeottt 
of coffee, and still less with regard to tea. In the cnsi' 
of wines and malt liquors, it was evident that their 
inhibitory effects nrnst be otherwise accounted for. 

Further light on the retarding effects of these sevcml 
food-accessories was sought by subjecting them to dia- 
lyaia, whereby a rude and imperfect but auggestive idea 
could be obtained of the effect on them of absorption 
through the walla of the stomach. In eacb oaHP 100 
cubic centimeters of the liquid to be tested were dialysed 
for six hours into 3,000 cubic centimeters of water ; and 
the retarding effect of the dialyaed product was compared 
with that of its undialysed counterpart. Tlie results are 
recorded in the following table : — 

Table XVIL—Showintf the f.ffecli of IHnlyfin:' 
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I Uke thij to be due to the large pfoportion lA kloobol omiUfMd 
in ii«aij and port ; for I fotiDd tliat with proof iplrit tim inpcneiila- 
lation acted adrenely on the apead o( pcptio dij(e*lkni. 

* The iiuscMe «f tbc prodoet in tli* dktjiwr rarled it fOOlittf^^^ 
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The reaults of dialjBis, aa shown in the above table, I 
yield the same indications as superacidulation, and lead 1 
to the conclusion that in regard to beef-tea and whey 1 
the retarding agents are the crystalloids contained in I 
these liijuids, and which dialyae with rapidity. Coffee I 
and ale were also considerably affected by dialysis, but I 
tea and the hght wines were only slightly affected by I 
dialysis for six hours. I found that by dialysis for 1 
twenty-four hours the retarding power of all these beve- ' 
ragea was almost entirely removed. 

From these observations on superacidulation and] 
dialysis it was inferred that with beef-tea and whey tfad4 
saline matters contained in them are wholly answerable^ 
for their retarding effect on peptic digestion. With! 
regard to coffee, the retarding effect is partially due to i 
saline matters, perhaps chiefly to the eaffeo-tannate oiM 
potash contained in that beverage. In the case of alel 
it would also seem that the saline ingredients contained f 
therein account for a considerable portion of its retard- 
ing effect; and it would further appear, from a com-, 
parison of the effects of superacidulation on the < 
hand and dialysis on the other, that the retarding! 
saluies of ale are not salts of the organic acids, batT 
neutral mineral salts — probably chlorides and phosphate 
of potash and soda. 

In the cases of tea and coffee there arose the questioiu 
whether the alkaloid, theine or caffeine, contained i 
these beverages contributed anything to their retard] 
effect on peptic digestion. Direct experiments gave i 
negative answer to this question. It was found i 



k 



B caae of beef-tea, vhey, Ihe wines, and heer tbo increase e 
aboDt 10 per cent, ; in the oaae of eofCee to 4 per cent. ; and in 
Be of tea to onl; 1 per cent. Allowance naa made in the experimi 
for these difierences. 
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citrate of caffeine, up to a proportion of 1 per cent, in 
the digesting mixture, had no appreciable effect — and 
this is a far larger proportion of the alkaloid than ever 
gets into solution in our ordinary infusions. Neither 
has the volatile oil contained in tea and coffee any effect. 
Tea and coffee which had been heated on a plate at 
100'^ C. for a period of four hours — whereby both the 
volatile oil and the alkaloid would be driven off — yielded 
infusions which had not appreciably lost any of their 
retarding effects. The tannin of tea accounts for a portion 
of the retarding power of this beverage, but only for a 
portion. I found experimentally that the tannin con- 
tained in tea accounted for about one-half of the retard- 
ing effect of that beverage on peptic digestion. 

With regard to wines, I am unable to account for 
their retarding effect on peptic digestion. Neither super- 
oddulatiou nor dialysis gave support to the idea that 
it was due to their saline ingredients. The retardation 
cHosed by these beverages was wholly out of proportion 
to the alcohol contained in them. In the case of sherry 
it was found that when this wine was briskly boiled for 
five minutes, and the loss by evaporation afterwards 
made up by the addition of water, its inhibitory effect 
was lessened by fully one-half. This showed that the 
high retarding power of sherry was largely due to its 
volatile constituents. 

Speaking generally, we may infer that the retarding 
effects of bee£-tea and whey are due to conditions which are 
easily obviated in the living stomach ^either through the 
rapid absorption of their saline ingredients by the gastric 
capillaries, or through anincreasedsecretionof gastric acid. 
But in regard to coffee, tea, the wines, and malt liquors, 
their retarding agency would appear to be less easily re- 
movable, and would therefore exercise a more persistent 
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inflaence on gastric digeBtion, The retarding power of 
beef-tea and whey is, however, worth bearing in mind : it 
flctounts perhaps for the diflieulty and discomfort which 
some persona notoriously experience in the digestion of 
soups and milk ; and points to the desirability of restricting 
the amount of these fluids in persons of weak digestion. 
The practice of taking soup at the beginning of dinner is 
so widespread that it must be credited with some beneficial 
purpose. The object of the practice probably is to awaken 
the stomach to its work.' Taken on an empty stomach, 
the salines of the soup would be rapidly absorbed, and in 
passing through the coats of the stomach they would pro- 
voke both the glandular and the muscular activity of the 
organ. Taken in due quantity this would probably be the 
only efi'ect, but taken in large quantity soup would un- 
doubtedly display its retarding power on the chemical 
act of peptic digestion ; it should therefore be partaken 
of sparingly by persons of feeble digestion. This rule, I 
apprehend, accords perfectly with common experience, 

1 shall have occasion to explain further on why beef 

tea and milk, notwithstanding their retarding effects on.^ ' 
the chemistry of gastric digestion, are nevertheless often^en 
suitable aliments for aick persons. 

I come now to a curious and interesting question. ^^• 
What is the meaning of all this retarding effect ? Whj^^ J 
should the practice be almost universal among civilisec^ *^ 
races of taking with their meals beverages which retarc^ "^ 
digestion? And, considering the copious libations^ ocrzxf 
tea, coffee, beer, or light wines which healthy persoii^c^JS 
associate with their meals, it is quite evident that a' — *" 

' See also remarks on peptogens, p. 54. 

- Tllis, however, onlj applies to persona in health. These agei^^B's 
fignte quite diHerently in the dietetic liabita of invaliilK. They are Bilti»- er 
altogether omitted (rom their dietary or used sparingly, or very dilutei^*. 
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important retardation of gastric digestion is thereby 
frequently produced. 

Is this retardation wholly, or even at all, eiil ? Do 
we healthy people take tea, coifee, wines, or beer with our 
meals for some collateral good, and in spite of theii' un- 
toward retarding effect on the chemistry of digestion, or 
ifl there really aome good in this retardation itself ? and 
do we unconsciously use these beverages partly for this 
very purpose of abating the speed of gastric action ? 

It retiuires perhaps some courage to set forth and to 
defend a proposition apparently so paradoxical as that 
men take these beverages in part with the unconscious 
purpose of retarding their digestion. This is, however, 
what I propose doing, and I am countenanced in this 
speculative course by some words of Darwin. ' False 
facta,' he says, ' are highly injurious to the progress of 
science, because they often endure long ; but false views, 
if supported by some evidence, do little harm, because 
everyone takes a salutary pleasure in proving their false- 
ness ; and when this is done one path of error is closed and 
the true path is often at the same time opened.' ' The 
view I am about to suggest concerning digestive retarda- 
tion may be true or false, and must submit to the test of 
criticism ; but the facts indicated by the experiments 
stand equally fast whether that view prove true or false. 
It does not really require much ingenuity to show 
cause why retardation of gastric digestion may not be 
regarded in the healthy and strong as having a beneficial 
purpose. 

We must bear in mind that among civilised races 

the preparation of food for the table is carried to a high 

degree. The cereal grains which are employed to make 

liread are first finely ground and sifted from the bran by 

^^H ' Descent of Man, chap. xd. 
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the miller ; the flour is then subjected, with the aid ( 
moisture and artificial heat, to a cooking process ; the n 
and fish we eat are boiled or roasted ; the vegetables v 
use are carefully deprived of their coarser parts, and thei 
are boiled : all this preliminary preparation and cooki 
renders our food highly digestible, and easy of attack bw 
the digestive juices. But this is not, I apprehend, thi 
sole object in view. The prehminary preparation > 
cooking not only renders our food more digest 
makes it also more capable of being thoroughly exbaustei^ 
of its nutritive qualities. These two objects are not quitq 
the same. Even as it is, and with all this careful prs« 
paration, some waste occurs ; and the fieces always conJ 
tain considerable remnants of undigested food. But i 
is obvious that, if food be rendered too easy of digestioi 
there ansee a risk that the meal will pass too quickly, < 
waatefully, into the blood, and on through the tiBaaej 
into the excretory organs, and so out of the body, befoH 
it has been made fully and economically available for th( 
sustenance of the slow nutritive processes. Moreover, a™ 
sudden irruption into the blood of large quantities of 
newly digested aliment would tend to disturb the chemical 
equilibrium of thai fluid, and so interfere with the tran-^ 
quil performance of its functions. It would also tend & 
produce hepatic and other congestions, to the ( 
disadvantage and discomfort of the economy. A t 
rapid digestion and absorption of food may be compared 
to feeding a fire with straw instead of with slower bui 
ing coal. In the former case it would be necessary fe 
feed often and often, and the process would be wastefq 
of the fuel ; for the short-lived blaze would carry most d 
the heat up the chimney. To burn fuel economical!]! 
and to utilise the heat to the utmost, the tire must I 
damped down, so as to ensure slow as well as complod 
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oombustion. So with human digestion, our highly pre- 
pared and highly cooked food requires, in the healthy 
and vigorous, that the digestive firea should he damped 
down in order to ensure the economical use of food. 

In the plan of the dietary of the civilised races, 
arrived at slowly as the result of an immense experience, 
we seem therefore to detect two apparently contradictory 
aims — namely, on the one hand, to render food by pre- 
paration and cooking as digestible as possible ; and, on 
the other hand, to control the rate of digestion by the 
use of certain accessory articles with food. In reahty 
these objects are not contradictory but co-operative to a 
beneficial end. For, to express the problem in another 
way, it may be said that we render food by preparation 
OB capable as possible of being completely exhausted of its 
nutrient properties; and, on the other hand, to prevent 
this nutrient matter from being waatefuliy hurried 
through the body we make use of agents which abate 
the speed of digestion.' This combination of appUances 
renders oui- plan of feeding more elastic, more adaptable 
to variety of individual health and constitution, and to 
variety of external conditions.* 

Dm"ing the early periods of life retardation of diges- 
tion is less required than in the adult state, because the 
growing organism can more fully utilise, in the work of 
tiie building up of the framework, any excess of food 

' A bIdw (ligBBtion js quite a iliffarent thing from an imperfect diges- 
tion j indeed, it has aeemed to rae that dyspeptics BOiiietimes suffer not 
rrom a too slow but from a too hurried digestion. 

■ The practice of tbe Iriah peasant to uuilerboil bis potato, so as tu 
\t%\e a ' stone,' as it ia said, in the middle of it ; and the practice of the 
Booteli paaaant to nndercook bis oatmeal — for he makes his ' broae ' not 
by boiling, but simply by pouring boiling water on the meal both these 
pnotices seem deaigneil to obnck the speed of digestion, and thereby to 
a the mea! to ' stay ' the slomaah tor a longer period. 
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which is poured into the blood. Accordingly we obeen 
that retarding agents (tea, coffee, and alcoholic beTeragesd 
are not used at all, or only used sparingly, by infantil 
and children. 

If this view of digestive retardation in the stoma* 
be well founded, the stomach becomes in some degree 
storage organ for food — like the crop of birds, the paonclll 
of ruminants, the dilatable cheeks of monkeys, and thi 
pouch of the pelican. 

Use of Sait.—^Why do we use so much salt with < 
food 9 Animals in a state of nature require none. Thej^ 
find (with most rare exceptions) all the salt they reqnir 
in their natural food ; but cooks are always adding sal 
in their culinary operations, and we have it nearly alwayl 
on our plates. This habit is probably dependent on thfla 
elaborate preparation and cooking to which v,e subjei 
our food. In the preparation of flour the wheat is robbed ' 
of its outer coating, or bran, which contains the larger 
part of the saline matters of the grain. Potatoes and 
green vegetables are boiled in large quantities of water, , 
and are therefore deprived of their saline ingredients 
Meat and iish are boiled or roasted, and thereby loE 
some of their mineral constituents. Salt mnat therefor 
be supplied artiiicially to make up the defect, and i 
restore to the food so treated that sapidity and saliniQ 
of which it has in part been deprived. It hi 
remarked that tribes and races which subsist chiefly o 
a vegetable diet have more need of salt than meat-eating 
communities. 



EFFECT OF FOOD- ACCESSORIES ON PANCREATIC DIGESTION. 

The effects of the food-accessories on pancreatic 
digestion must obviously be less important, and also more 
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difficalt to estimate, thau in the eaae of salivary and 
peptic digestion. These accessories undergo changes in 
the stomach ; alcohol and saline matters are largely 
absorbed in that discus, so that the beverages containing 
"them are considerably modified by the time they reach the 
daodenum. And not only are the accessories altered by 
their sojourn in the stomach, but the articles of food are 
also profoundly altered. Digestion is already half accom- 
plished, the sohd proteids are partly reduced to a state of 
solution, and the entire gastric mass is converted into a 
more or less homogeneous chyme. When this enters the 
duodenum it encounters the alkaline secretions of the 
liver and pancreas. A large part of the dissolved matter 
is reprecipitated by the neutralisation which then occurs, 
and the whole digesting mixture becomes alkaline in re- 
action. The digestion of starchy matters, suspended in 
the stomach, is now actively resumed ; the digestion of 
the undissolved proteid matters which came through the 
pylorus, and of the neutralisation precipitate, recom- 
mences and proceeds to its final termination. 

Pancreatic digestion appeared in my experiments, 
except in the cases o£ milk and farinaceous matters, to 
be essentially slower than gastric digestion. On meat- 
and fish-fibre and on egg-albumen pancreatic extract 
a^ted with extreme slowness, but on milk the action was 
extremely rapid^so likewise on bread. The agency of 
the stomach seems especially necessary for the digestion 
of all kinds of meat. 

In considering the effect of food -accessories on pan- 
creatic digestion we have to distinguish between the 
diastasic and tryptic action of pancreatic juice. 

KJfecl uf Food-accessories on Pancreatic Viaatasi'. — The 
action of alcohol on the pancreatic digestion of starch 
found to be identical with its effect on salivary 
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(see p. 116), In regard to wines and beer, 
was found, as explained in a preceding lecture, that theif * 
inhibitory influence on the action of sahvary diastase was 
entirely due to the acidity of these beverages. The same 
is the case with their action on pancreatic diastase — and-^ 
as this acidity is removed by the alkaline juices of tfai 
duodenum, these beverages are without any effect on thi 
pancreatic digestion of starch. In the case of tea thi 
reaction of the medium also governs the result. Fca 
although tea is higlily inhibitory of pancreatic, as ( 
salivary, amyloiysis, this inhibitory action is removed (Cg| 
almost removed) by changing the reaction from neutra 
or faintly acid to alkaline. When therefore tea pass 
into the alkaline atmosphere of the duodenum, it cease 
to have any effect on the pancreatic digestion of starcli 
or at least any effect of practical significance. 

Effect of Food-accessories on TrypticDii/estion. — Itestaj 
experimentally the effect on tryptic digestion of i 
of alcohol, and of tea and coffee. Alcohol had a distinct 
retarding influence when its proportion in the digesti: 
mixture rose to 5 per cent, of absolute alcohol (10 \ 
cent, of proof spirit), but the effect was comparativel 
slight. The digestion of milk (other conditions bein 
equal) was delayed by 10 per cent, of proof spirit froi 
the normal of twelve minutes to eighteen minutes. Ev» 
with twice this proportion of alcohol, digestion went < 
without any embarrassment, but the time of its comple^ 
tion was prolonged from the normal of twelve minute 
to forty-five minutes. When we consider how rapidl^ 
alcohol is absorbed from the stomach, it is obviously 
almost impossible that the chyme in the duodennm 
should ever contain anything like these proportions c 
alcohol, 80 that we may consider that alcohol as use 
dietetically never interferes with tryptic digestio 
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Nor did I find that tea or coffee, even in the pro- 
portion of 50 or 60 per cent, of the digesting mixture, 
had any effect worthy of note. A slight retardation waa 
observed, but not the slightest sign of embarrassment. 
The results obtained with milk were controlled by esperi- 
ments made with bread, with meat, and with fish-fibre— 
all of which yielded conformable results. It may, there- 
fore, be concluded that with regard to pancreatic digestion 
the effects of food-accessories are practically nH. In no 
ease did I find evidence of the possibility of that em- 
larraasment and arrest which occurred in bo many 
instances in the case of salivary and peptic digestion. 
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ON SOME PEACTICAL POINTS IN DIETETICS. 

(^n Address delivered at the Opening ef the Session of tlin Manchester 
Medkal Society, October 1890.) 

SuuMiRY : — Two groups of cases require advice on diet, the seriously siok 
aad the substantially heaJ thy— Contradictory advice given to the 
latter — The proper basis of dietetics is a. study of the food-habits of 
mankind—Man strictly subject to bioloBical laws — Doable aim of 
diet, one to aubserve the needs of general nutcitiou, the other to 
subserve the needs of the brain and nervous system^ What is a 
luiury ? — Diversity of our diet — Useleaa and punitive restrictions on 
the choice of food— OtBce of the palate in regulating the choice ot 
food— Beneficial effect of change of diet— Better to leaaen than to 
forbid— The neurotic or hysterical stoniach- Mid-life revision ot 
the diet— How to restrict the intake ot food— Conclusion. 

Our advice ia sought in the matter of diet in two different 
sets of cases. In one set the patient ia seriously ill, and dis- 
abled more or less completely from pursuing his ordinary 
avocations ; or he is suffering from some disease which 
requires a special dietetic treatment, such as diabetes or 
gastric ulcer. In the other set the patient is only troubled 
with some slighter aihnent or indisposition which does 
not incapacitate him from taking his part in the world's 
work, nor necessitate any deviation from his usual habits. 
In the former class of cases the diet often requires to be 
entirely transformed, the customary routine has to be 
abandoned, and the order, quality, and quantity of food 
have to be rearranged to suit the exigencies of the morbid 
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state, with an almost complete abandouraent of any 
thought a9 to what might be moat suitable in health, 
and might best promote the success of the individual 
as an agonist in the strugglea and competitions of life. 
^Vhen a man is struck down with fever, or is smitten 
with some organic disease, we need not consider what 
diet is best fitted to bring out his physical and mental 
powers ; the business in hand is to advise what is best 
to keep body and soul together until the fever storm be 
passed, or what is best to minimise the incidence of the 
organic trouble, and to lengthen out existence to the 
utmost possible span. 

But the ease is far otherwise with the second group, 
which forms the larger proportion of those who seek our 
advice, and who question us anxiously as to what they 
shall eat, drink, and avoid. These have no organic 
disease, and go about their business or pleasure as usual. 
They complain perhaps of some dyspeptic trouble, some 
bodily discomfort, or mental worry or weariness; or of 
a want of a sense of tranquil and vigorous life ; or they 
are getting on in years, and feel the premonitions of old 
age ; or they belong to that class of neurotics who 
imagine themselves ill — iwrsons who ponder over their 
sensations, and give excessive thought as to what they 
shall eat and what they shall drink. Most of these 
reipiire of us what aid we can give them by a judicious 
management of their diet, not only to keep well and live 
long, but also to maintain that health with maximum 
vigour, both of body and brain. 

Now, with regard to the first group, the advice 
tendered by ns on points of diet displays a fair degree 
of unanimity. We do not differ much as to the dietetic 
management of a case of fever, or of diabetes, or of 
gastric ulcer, or, indeed, of any of the more serious forms 
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of sickness. But, in regard to the second group, in the 
case of persons who are substantially healthy— and it ia 
of these alone that I propose to speak — the advice ten- 
dered liy different practitioners is apt to show a lament- 
able want of consonance, or even a total contradiction. 
Many patients of this group are persistent seekers after 
medical advice, and they go about from one adviser to 
another. The tales some of these have to tell of their 
dietetic adventures are not pleasant hearing to a medical 
ear, and are calculated to leave the impression on the 
public that our notions on dietetics are little better than 
a farrago of whims and fancies. 

All this confusion is, I believe, to be traced mainly to 
a want of appreciation of the right method of investigating 
questions relating to diet. I have on previous occasions 
spoken on this point ; but it cannot he too often noi 
urgently insisted on that the only true basis of a scientific 
knowledge of dietetics is to he found in a painstaking 
and unprejudiced objective study of the food customs 
ajid habits of mankind. These customs and habits are 
as much sober unsophisticated facts of natural history 
as are the food habits of wild animals. They have grown 
up by the free play of natural instincts, under the regu- 
lating force of universally acting biological laws — under 
the pressure of the sleepless vigilance of the law of the 
survival of the fittest and the sure incidence of the 
laws of heredity. Neither physician nor physiologist has 
had anything whatever to do with their formation ; and, 
among European commanitiee, and especially among 
English -speaking communities, the bungling hand of 
authority has not materially interfered with their normal 
development. 

Some persons appear to think that civilised man is, 
to a large extent, a denaturaUaed creature, and they 



speak of civilisation as if it were the antithesis of Nature. 
No conception could be more fallacious ; for, after all, 
strictly speaking, civihsation is hut a branch of natural 
history. We can no more withdraw ourselves from the 
incidence of biological laws than we can from the inci- 
dence of physical laws. Biological, like physical, laws 
are absolutely inexorable, and all the apparatus of our 
civilisation and all the influences which flow from the 
initiative of our reason and the action of our intelligence 
can only modify the conditions under which they operate, 
I contend, therefore, that we have in our generaUsed food 
habits and customs a natural dietetic standard or model 
^aa truly natural as the food habits of the squirrel, the 
blackbird, or the trout ; and, further, that we are war- 
ranted in concluding beyond all reasonable doubt that 
there lies in each main feature of this standard some im- 
portant beneficial purpose. Considerations of this order, 
if fully reahsed by us, would, I think, give greater steadi- 
ness and coherence to our notions on dietetics, and bring 
more uniformity into our rules of practice. 

If these views are sound, the office of the medical 
adviser in matters of diet may be broadly defined to be 
to adjust the national standard of diet to the special 
peculiarities and the changing needs of the individual; 
and in carrying out this adjustment it is his duty to 
adhere, as far as is practicable, to the main features of 
that standard. 

An attentive examination of the dietetic customs of 
civilised races reveals very clearly that there are two 
distinct indications aimed at : one is to subserve the 
needs of general nutrition, and the other is to subserve 
the needs of the higher functions of the brain and nervous 
system. It may be said that bread and other cereal 
articles, leguminous seeds, the various products of the 
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dairy, fruits and vtgetablea, the harvest of the i 
meat, are designed to minister to the former f 
and that tea and coffee, and the various forma of alcoholic 
beverages, are designed to minister to the latter purpose. 
"With this second group should also be classed tobacco ; 
for although tobacco cannot be regarded as food, its 
use must be ranked with our dietetic customs. Strictly 
speaking, meat, or at least some kinds of meat, should 
probably find a place in both categories, for it possesses 
certain stimulating propertiss which distinguish it from 
vegetable and dairy products. Tea and coifee and alco- 
holic beverages are sometimes branded as luxuries. 
What is a luxury '? You cannot rightly class as luxuries ' 
— meaning thereby something that has no solid utilitj 
to the species — ai"ticles that are in, general use amon^ 
a successful and ascendant community. The very i 
that these articles have attained this position is, to i 
naturahst, evidence sufficient that in some way or othej 
the community as a whole, and in the long run, benefit! 
by their use. The struggle for existence^or rather, fo| 
a higher and better existence — among civilised man i 
almost exclusively a brain struggle ; and these brainj 
foods,' as they have been not inappropriately termed 
must be regarded as a very important part of the eqai 
ment for that struggle. 

One of the most characteriEtic features of our naiionat* 
dietary is its rarieti/ or diversity. Not only are our 
several daily meals framed on a different plan, but the-s^ 

meals of one day differ more or less from the corre . . 

sponding meals of another day. We may be quite sur^^ ( 
that this diversity serves some useful end. In drawing -^ 
up schemes of diet we are not, therefore, justified i 
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neglecting tliia feature and in reducing the diet list to a 
dead level of monotonous uniformity. A want of atten- 
tion to this point leads us unwittingly to needlessly 
turment and worry our patients hy placing unneceseary 
restrictions on their choice of food. Some of those 
commonly imposed are difficult to understand. There 
is to be observed a sort of fashion running through these 
restrictions, yet I know not on whose authority they 
repose. I do not think it is any medical authority. 
My impression is that moat of them derive their origin 
from some crude notions floating through the lay press, 
and miconsciously lodged in the medical mind. Why, 
for example, should tea and coffee be so frequently for- 
bidden without any evidence that they disagree with the 
patient ? Or why should the bland, innocuous, and 
easily digested potato be so ruthlessly proscribed ? 
Sometimes prohibition takes a wider sweep, and fruit 
aad vegetables are included in one general condemna- 
tion. Nor are the rules laid down always self-consistent. 
Sugar is forbidden while farinaceous matters are per- 
mitted, although, as is well known, these latter are all 
transmuted into sugar in tlie course of the digestive 
operations. Mutton is sanctioned, while beef (of which 
certain parts are quite as digestible) is denied ; or both 
beef and mutton are condemned, while poultry and 
game are recommended. These kinds of restrictions are, 
for the most part, quite unmeaning ; they stand on no 
(ground of science nor of experience, and are gratuitously 
J)unitive to our patients. Some patients, I admit, seem 
to derive a sort of grim satisfaction from their dietetic 
fetters, and come to regard them almost as a mark of 
flistinctioD ; but to most persons these restrictions are 
■Very irksome, or even unendurable ; and, indeed, many 
Jatients break through them, and may sometimes be 
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heard complacently relating how they profited by their: 
rebellion. I remember, some years ago, an amusing 
instance in pointj where I was myself one of the incrimi- 
nated parties. A fine old gentleman in this neighbour- 
hood, on account of some vesical trouble, had his port 
wine, to which he was very partial, entirely cut off. His 
convalescence proved tedious and halting, and still the 
port wine was withheld. On some special occasion — I 
forget what — his powers of resistance gave way, and, 
out came the port wine ; and he used to recount with: 
glee that he never looked behind him after. I hope Ij 
have learnt some useful lessons since then. 

Now there is, I think, one very good rule in regar< 
to the regulation of the diet in cases where there are ni 
special indications to fulfil, and that is to put two qui 
tions to the patient when he inquires whether he may! 
take this or that article of food — namely, Do you liki 
it 5 and. Does it agree with you ? If the i 
the affirmative, there is no intelligible reason why tl 
use of that article should not be sanctioned. Such 
rule is bo plain and simple, and so obviously consonanl 
with good wense, that it might scarcely appear wor) 
while, or even dignified, to make formal mention of 
and I would not have done so had I not been satisfied, 
from actual experience, that it is constantly violated, 

The indications of the palate are of great importani 
in the regulation of the diet, and should always bei 
inquired into and carefully coneidered. The palate is 
placed like a dietetic conscience at the entrance gate of 
food, and its appointed function is to pass summary 
judgment on the wholesomeness or unwholesomeness of 
the articles presented to it. It acts under the influenoa 
of a natural instinct, which is rarely at fault. Thia. 
instinct represents an immense accumulation of esperi- 
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ence, partly acquired and partly inherited. It is, of 
coarse, not intallible^no instinct is, but so close and 
true are the sympathies of the palate with the stomach 
and the rest of the organism, that its dictates are 
entitled to the utmost deference as those of the rightful 
authority in the choice of food. I am of course aware 
that the palate— or, rather, the civilised palate— is not 
always credited with these sohd good qualities. Some 
persons there are — not medical authorities — who dis- 
trust its office, and regard its indications with suspicion, 
as if they were the suggestions of some frivolous and 
wanton agency, tempting men to a vain gratification of 
the senses, rather than as those of an honest and skil- 
ful guide in the choice of food. This puritanical view 
of tlie palate ia wholly unscientific ; it moreover implies, 
to speak figuratively, a gross slander on a responsible 
and rarely endowed organ which has performed in the 
past, and still performs, most difficult and most com- 
plicated functions with conspicuous success ; for who 
shall venture to say, that in the evolution of the human 
animal from the short-lived, immoral, and stupid savage 
with his diet of wild fruit, roots, raw flesh, and uufiltered 
water to the status of civihsed man, the promptings of 
the palate have not played an important and even indis- 
pensable part ? We are apt to forget that there is no 
each a thing as an absolutely good or an absolutely bad 
flavour to the animal palate. Sweet things are indifferent 
to the palate of the carnivora ; and, conversely, the 
taste of flesh has no attraction for the herbivora. Each 
animal has its own gustatory standard, which is accu- 
rately adjusted to the wants of its particular economy. 

It must, however, be admitted that this eulogium 
applies rather to the typical or general palate than to 
the particular palate. Man is the most individual of all 
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creatiirea, and bis palate fully shiires in this characters 
istic. And while it is true that the normal or avera) 
palate indicates automatically and correctly, not onl 
the due quality, but also the due 'luantity, of the t 
and drinking, there are other palates that require mor« 
or less of the control of reason to stead}' their indica- 
tions. Then there are eccentric or misfitting palatea 
that appear — if one might so express it — aa if they be- 
longed to somebody else — ^palates which are not in- 
herently defective, but which stand, in one or two par- 
ticulars, in sharp discord with the organism to which 
they are attached. And, lastly, there are palates which 
are altogether perverse and depraved ; that habitually 
betray then- hosts, and lead them into endless digestive 
and other troubles. It is the business of the medical 
adviser to diagnosticate these eccentric or vicious palates, 
and to assist their owners by judicious connael bow best 
to neutraUae their evil promptings, and to train them if 
possible — for the palate is, to a certain extent, an educ- 
able organ — to a more wholesome and more harmonious 
performance of their functions. 

The next point to which I would call your attention 
is the advantage to be gained from change, of diet. 
readjustment of the quality of the meals has often i 
happiest effect. Change of diet is as refreshing 
change of air. The gratifying results are sometime^ 
credited to the skill of the medical adviser in making axM 
improved selection of 'food when the}' are really due tc::^ 
the change itself. A course of two or three weeks c^f 
vegetarian regmm occasionally proves most gratefu~l, 
especially in the case of habitually heavy feeders — an«3, 
similarly, a course of total abstinence from alcohoLic 
beverages is often highly salutary, and, most of all, f<z>r 
those whose daily potations are on a liberal scale, Tt»e. 
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good effect of mere change of diet is, I think, deserving 
of more attention than it has hitherto received. There 
need not he Bueh a departure from the general plan as 
is involved in vegetarianism or total abstinence. Slighter 
alterations are often of signal benefit — changes from te« 
to coffee or cocoa— from one land of aleohohe beverage 
to another — from one sort of bread to another. Again, 
a revision of the order and times of the meals is some- 
times beneficial. I have seen more than once an altera- 
tion from a mid-day dinner to a late dinner or substan- 
tial supper effective in removing a troublesome insomnia. 
In carrying out plans of change of diet it should ever be 
borne in mind that the effect is temporary, and that its 
benefits are exhausted in two or three weeks, or a month 
or two at the most, and that then a retm'n to the old 
diet or a new change may be deskahle. 

Another point of practical interest is this : when 
certain articles disagree, it is better to lessen the ijuaiditu 
llwH to forbid. It fruit and vegetables prove difiicult of 
digestion, it is certainly unwise to prohibit them alto- 
aether. It will generally be found that if the quantities 
are reduced to a certain level they can be tolerated and 
enjojed. The antiscorbutic properties of frnit and 
vegetables cannot be safely foregone ; and a very small 
proportion suffices to fulfil this indication. I may again 
refer to the use of potatoes. People do, no doubt, some- 
fees unduly stuff their stomachs with potatoes, which 
the organ finds difScult to deal with. But many persons 
wmnot enjoy, or scarcely eat, their dinners without 
potatoes, and to abstain from them is a great privation. 
Not ia this necessary ; a reduced allowance solves the 
femma perfectly. Then, again, some persons are ab- 
normally sensitive to tea or coffee or alcoholic beverages, 
■Vii. Buffer discomfort from the quantities usually taken 
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Bat abnormal sensitiveneBS is uot a proof that thfl 
incriminated article is unserviceable ; and a dimiuutioH 
■of the quantity may prove a better remedy than total 
prohibition. Your late distinguished townsman, 
Angus Smith, was hypersensitive to tea, but he did not 
abstain from it. He was in the babit of taking a table- 
spoonful or two of ordinary tea, and filling up the cup 
with water ; and he used to declare tbat he derived as 
much cheer and refreshment from tbis weak dilution aa 
-other people did from their stronger concoctions. "Whila 
on this subject I may mention a useful suggestion which 
we owe, I believe, to Sir Andrew Clark— namely, 
-sensitive persons should take their tea infused for a very 
short time, only for one or two minutes. There are, as 
is well known, idiosyncrasies in which some particular 
article cannot be tolerated even in the smallest propor- 
tions ; prohibition is then a necessity. Much mor& 
•common are the mstances in which there is defective 
self-control as to quantity. This is especially the case 
with alcoholic beverages. Self-control is indispensable 
for the salutary use of these articles ; and in the absenoQ 
of this quality tliere is no safety except in total absti- 
nence. 

I animadverted awhile ago on the practice of impos- 
ing punitive restrictions on the choice of food; but there 
are cases in which a certain amount of coercion is salu-^ 
tary, and even necessary. In neurotic and hyatericot 
persons the stomach sometimes shares in the general; 
nerve instability, or it may even be the chief offender.. 
This kind of stomach, if indulged in its whims, is apt, 
hke other pampered beings, to give itself airs — it won't 
have this and it won't have that— and it may even grow 
proud of its eccentricities, I have kuown such stomachs j 
reduce their hosts, by successive acts of self-inHicted^K 
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regtrictionB, to a diet of dry toast and watergruel — with 
what results of depressed vitality you can easily imagine. 
In this group of eases the medical adviser may with 
advantage insist on a gradual return to ordinary diet ; 
and he will often iind that the stomach, after a certain 
recalcitrancy, will submit, and consent to digest ordinary 
food, perhaps to the astonishment of the patient, and 
certainly to the common advantage of the organism. 
Patients of this class should be given to understand that 
there are some things worse than an aching stomach — 
namely, impoverished blood, failing strength, and en- 
feeble brain and nerve. Moreover, the lower the 
': vitality is reduced by insufficient feeding the more prone 
is the stomach to neuralgic pains. An enforced adminis- 
tration of more anJ better food is often the surest as 
Well as the shortest road to deliverance from gastric 
hyperffisthesia. 

The last point I shall advert to is the necessity for 
a revision of the diet to meet those ehaitgcs in the type oj 
niitrition which naturally take place as the indiridual 
travels on from youth to age. Senescence invades the 
Several organs and tissues in a varying order of time ; 
and this want of synchronism is sometimes a source of 
trouble. When the hair faUs off or turns grey before its 
time, our vanity but not our health is touched. When 
"the teeth decay prematurely, we find succour in the in- 
valuable art of the dentist. But if the prime organs and 
functions of the body age with unequal steps, the matter 
is more serious and less easily remedied. As years roll 
over ua the balance of nutrition alters ; the exchange of 
' material shrinks, and the organs concerned therein be- 
I ««)me correspondingly less active and less capable. In 
the normal course the palate and appetite adjust them- 
L eelves automatically to these altered conditions, and there 
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IB a lessened intake of food. But HOmetimes this adjust- 
ment lags behind. The power of taking food coutinuee 
unaltered, while the assimilative powers are on the wane : 
you have the palate and appetite of thirty with the liver 
and kidneys of sixty. Some form of nutritive disorder 
necessarily follows. In most of these cases, but not in 
all, there is a tendency to stoutness. There are indica- 
tions of digestive difficulties and of engorgement of the 
abdominal organs, and signs of that vague condition 
which is termed latent or undeveloped gout. The early 
recognition of this condition is very important, for there- 
upon depends the prevention or postponement of de- 
generative processes which hereafter prove formidable. 
In this conjuncture the observant medical adviser may 
render invaluable service in detecting the maladjustment, i 
and in taking timely steps for its correction. The most I 
obvious indication is to lessen the quantity of food, and 
this is a task of varying difficulty. In many cases of 
this class — perhaps the majority^the maintenance of 
an undiminished ingestion of food rests on the force of 
habit. The accustomed quantity of food and drink is 
taken, though with a somewhat flagging appetite and 
lessening gusto. The still small voice of the dietetic con- 
science is unheeded ; or even there may be a little forcing 
in of the supplies, from a mistaken notion that a falling 
off might prove disadvantageous, or of evil augury. In 
these eases an authoritative hint from the medical adviser 
is sufficient, and is readily accepted and acted on. Pull 
feeders are rarely aware that they eat too much. People 
constantly delude themselves on this point. I do not 
know how it is ; men often are aware and acknowledge 
that they drink too much, but they ha,rdly ever allow 
that they eat too much. They will tell you that they 
eat much less than most other men they meet with, and 



LESSENING THE INTAKE OF FOOD 173 

insist that they consider themselves to be moderate, or 
even small, eaters ; and it is difBcult or impoasible to 
persuade them to the contrary. Possibly they are apt 
unconsciously to compare themselves with younger men. 
The medical adviser must in this matter rely mainly on 
his own judgment and on collateral evidence. In some 
cases, however, there is much more difiScuIty in control- 
ling the intake of food. The appetite is really strong, 
and the powers of digestion — at least of gastric digestion 
— are abnormally active. Unsatisfied hunger is a pain- 
ful and an urgent guest, and, with plenty at hand, is 
hard to resist. The less concentrated forms of food are 
here a useful resource — gi-een vegetables, salads, and thm 
soups, which help to fill the aching void without adding 
materially to the albuminoid and fatty ingredients of the 
meal. Tea and coffee are also serviceable in allaying 
an unseasonable craving for food, A stiff cup of tea or 
coffee shortly before dinner certainly takes the edge off 
a troublesome appetite. It is, however, well to proceed 
cautiously and tentatively in this direction, for the 
promptings of Nature, however apparently to us mis- 
directed, are not to be lightly set aside. The effects of a 
contracted diet should be carefully and patiently watched, 
with an open mind for every sign or suggestion, whether 
of warning to retreat or of encouragement to j-jdvance. 
I need hardly add that in regard to this middle-life 
revision of the dietary, as it may be termed, particular 
attention should be given to the quantity of alcoholic 
beverages. As a very general rule the tolerance tor 
these articles diminishes with advancing years, and it is 
necessary nearly always with persons who have used 
them freely to i-educe their quaijtity when middle age is 
reached. 

In regulating the diet of Buhstantially healthy per- 
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Bons, it is imperative to beware of hard-and-fast linea 
Cases of this group are very diverse ; scarcely any tw 
are exactly aJike, and their management is compHcate^ 
often by moral and social considerations which are diffi 
cult to justly estimate. We can only hope to avoi 
eerions errors hy a patient investigation of each pu 
tieular case, and by bringing to bear upon it a full k 
ledge, combined with a large infusion of common-se 
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PREPARATION OF ORDINARY FOODS FOE INVALIIJS. 

{Abstracted chUjly from an address on ' Feeding the Skh,' delivered 
before the BriOsh Medical Association at Cardiff' in IBBfl.) 

SDMJiim;— Effects of cooking— Clinical relations of gaatric and intes- 
tinal digestion — Feeding the sick with liquid food — Mift — Beef-tea 
and other meat decoctions — CoM-made infasions of meat — -Beaten-np 
egga — Fortified grnela — Di£Eereiit kinds of farinaceous flours- Com- 
mercial ' foods ' tor invalids — Apparatus and iugredlentB requisite for 

I" the preparation of foods in the sick-room and nursei'; — ' Whole- 

^V meal ' flour. 

" EFFECTS OF COOKING ON' FOOD. 

The procesa of cooking fulfils far more important 
enda than that of improving the savour of food — ^far 
more important even than the mechanical diBintegration 
which generally attends the process. It produces certain 
chemical changes in several of the moat important ali- 
mentary principles which render theiu incompai-ably 
more susceptible to the action of the digestive ferments 
than in the uncooked state. The discovery of the use of 
fire-heat in the preparation of hia food must indeed have 
constituted one of the earliest and moat important steps 
in the ptoeeas by which man 'has emerged from the ranks 
of the dumb creation. The stores of proteid and farina- 
ceous nutriment contamed in the seeds of cereals and 
leguminous plants, and hi the bulbs, tubera, roots, and 
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succulent stems of certain vegetables are, in the ran 
state, nearly altogether beyond his powers of digestioB 
By the discovery of the art of cooking these immeasui-! 
able stores were at one stroke laid open to him. It i 
moreover chiefly by the same art that he has been enabled 
to take his food at intervals, in separate meals, and hu 
thereby been for ever relieved from the necessity whi(^ 
is imposed on all animals in the wild state of having 
spend almost the entire of their waking hours either ii 
seeking after their food, hke the camivora, or in ( 
suming their food Hke the vegetable feeders. This im- 
munity secured to him the untold advantage of j 
ing the leisure requisite for the cultivation of his highei 
faculties. 

The practice of cooking is not equally necessary ifl; 
regard to all articles of food , There are imjiortant differ-! 
enees in this respect, and it is interesting to note hoip 
correctly the experience of mankind has guided them in 
this matter. The articles of food which we still use in 
the uncooked state are comparatively few ; and it is n 
diffieult in each case to indicate the reason of the e 
emption. Fruits, which we consume largely in the ra 
state, owe their dietetic value chiefly to the sugar whic 
they contain ; but sugar ia not altered by cooking. 
Salads may be regarded more as a relish for other food,. 
and as having a quasi-medicinal purpose, rather than a 
a substantial source of nutriment. Milk is consumed by; 
us both cooked and uncooked, indifferently, and experi- 
ment justifies this indifference ; for 1 found on trial thiii' 
the digestion of milk by pancreatic extract was not ap- 
preciably hastened by previously boiling the milk. 

Our practice in regard to the oyslt'r is quite exee^k^ 
tional, and furnishes a striking example of the general 
correctness of the popular judgment on dietetic questiooB 
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The oyster is almost the only animal sabstanee which 
we eat habitnally, and by preference, in the raw or un- 
cooked state ; and it is interesting to know that there is 
a sound physiological reason at the bottom of this pre- 
ference. The fawn-coloured maaa which constitutes the 
dainty of the oyster ia its liver, and this is httle else than 
aheap of glycogen or animal starch. Associated with 
the glycogen, but withheld from actual contact with it 
during life, is its appropriate digestive ferment — the 
hepatic diastase. The mere crushing of the dainty be- 
tween the teeth brings those two bodies together, and the 
glycogen ia at once digested without other help by its 
own diastase. The oyster in the uncooked state, or 
merely warmed, is, in fact, self-digestive. But the ad- 
vantage of this provision is wholly lost by cooking, for 
the heat employed immediately destroys the associated 
ferment, and a cooked oyster has to be digested, like any 
other food, by the eater's own digestive powers, 

"With regard, however, to the staple articles of our 
food, the practice of cooking them beforehand is univer- 
sal. In the case of farinaceous articles cooking ia actually 
indispen sable. When men under the stress of circum- 
stances have been compelled to subsist on the uncooked 
grain of the cereals, they have aoon fallen into a state of 
inanition and disease. By the process of cooking, the 
starch of the grain is not only liberated from its protect- 
ing envelopes, but it undergoes a chemical change, by 
which it is transformed into the gelatinous condition, 
and this immensely facilitates the attack of the diastasic 
ferments. A change of equal importance seems to be 
induced in the proteid matter of the grain. I found that 
Ihe gluten of wheat was greatly more digestible, by both 
artificial gastric juice and by pancreatic extract, in the 
cooked than in the uncooked state. In regard to flesh 
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meat the advantage of cooking conaiBta chiefly hi its 
effects on the connective tissue and the tendinous and 
aponeurotic structures associated with muBCular fibre. 
These are not merely softened and disintegrated by cook- 
ing, hut are chemically converted into the soluble and 
easily digested form of gelatin. I made some instructive 
observations on the effects of cooking on the contents 
of the egg. The change induced by cooking on egs 
albumen ia very striking. For the purpose of teetins 
this point, I employed a solution of egg albumen made 
by mixing white-of-egg with nine times its volume of 
water. This solution when heated in the water-bath does 
not coagulate nor sensibly change its appearance, but 
its behaviour with the digestive ferments is completely 
altered. In the raw state this solution is attacked very 
slowly by pepsin and acid, and pancreatic extract has 
almost no effect on it ; but after being cooked in the 
water -bath, the albumen ia rapidly and entirely digested 
by artificial gastric juice, and a moiety of it is rapidly 
digested by pancreatic extract. 



OF GASTKIC AND INTESTINAL 
DIGESTION. 



In forming a plan of dietary for the sick, distinctifl 
must be made between gastric and intestinal digestii 
In healthy persons, and invalids of the slighter sort, 4 
must have regard mainly to gastric digestion ; bat intf 
seriously sick the stomach becomes often inoperatill 
and digestion becomes almost esclosively intestinal, 
sympathy of the stomach with the general condition fl 
the system is much more active and close than that ( 
the intestine ; the former organ approximates more n 
to the animal life of the body, the latter more nearly 1 
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the vegetative life. T)ie seriously sick, and eBpecially 
the febrile sick, are ofttn quite iiaable to take solid food. 
Wbeii tbe appetite and power of taking food fails, it fails 
, with regard to meat, which is, so to speak, the 
jcciality of the stomach, and next in regard to bread, 
ihtienta are then reduced to the use of liquid food. In 
B latter condition the stomach loses its normal office, 
1 becomes merely a conduit to pass on the liquid food 
the duodenum — a continuation, as it were, of the 
}opbagU8. Not perhaps that there is, except in ex- 
le cases, an absolute abeyance of gastric secretion 
gastric action, but they are reduced to so low an 
3 that they count for practically nothing in the work 
digestion. In this state of things, when patients are 
tnable to take any solid food, it is qnite wonderful to 
observe, in many cases, that persons who in health were 
unable to digest milk, or only to digest it with pain 
and difficulty, are able during illness to take milk in any 
quantity. The reason of this is obvious. In a state of 
health milk must be dealt with in the stomach, and the 
casein ia curdled into solid masaes ; these masses have 
to be broken up and to be more or less dissolved in the 
gastric juice before they can traverse the pylorus. In 
the seriously sick, with an almost paralysed stomach, 
milk is not meddled with in that viscus. There is neither 
pepsin nor acid to curdle it, and it passes as a Rowing 
liquid into the duodenum. Arrived there, it encounters 
the secretion of the still active pancreas, and milk is 
especially amenable to the action of the pancreatic jnice. 
In feeding the sick our first consideration, therefore, 
should be whether we are aiming at feeding the stomach 
or feeding the duodenum. In the former case, when the 
patient can take solid food^and this is the diagnostic 
indication that the stomach still possesses digestive 
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activity— our aim must be to adminigter meat, breail, 
e^s, &c., in a state most favom-abie for peptic digestion. 
The meat shoald be weil cooked — by preference boiled. It 
should be finely comminuted either by perfect masticii- 
tion in the mouth, or (if this be impossible) by pounditi;; 
in a mortar or beating to a paste with a spoon, as in the 
preparation of potted meat. Beef-tta and soups should 
be used sparingly, as should hktwine be tea, coffee, and 
alcoholic beverages. And of these last, the best adapted 
for weak stomachs are regulated ([uantities of ai'dent 
spirits or of the stronger wines or champagne. 



FEEDING THE SICK WITH LIQUID FOOD. 

' In a considerable number of conditions, our patients 
are unable to take sohd food, and are reduced to the 
necessity of using food which can be administered in 
the liquid form. This is usually the ease in the febrile 
state and in serious organic disease, especially of the ab- 
dominal organs, and in the terminal stages of almost all ^) 
diseases. There are other conditions in which, although .m~ji 
the patient may have the abihty to take solid food, it c#" ^t 
is not desirable that such food should be adniinistere(l_#^^i 
to him. In narrowing of the pylorus or other jjart ot 
the digestive tract, in ulceration of the intestinal mucoua- 
membrane, it is obviously undesirable to administer 
articles of food which are capable of forming lumps o^ 
masses which may block up the narrowed parts of ti r- - |( 
intestinal tube, or irritate the ulcerated surfaces. The^^t 
is thus a large iield for the employment of liquid footzfS; 
and one of the most embarrassing tasks in clinical diefci#- 
tics is to devise food of this form in sufficient change a iirf 
variety, and having at the same time an adequate nutrili re 
value. Our resources in this state of things consist of 
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milk, beef-tea, and other meat-tlecoctiona, cold-made 
meat-mfiisions, beaten-up egga, and the various gruela. I 
propose to malie some remarks on each of these articles, 
-l/i?A-.— By far the most serviceable liquid food we 
jiOBsess is milk. Milk contains, in almost equal propor- 
tions, proteid, saccharine, and fatty matter, and is capa- 
ble alone, as we know, of sustaining life. AH plans of 
feeding the sick on liquid food centre round milk. It 
can be given alone, or mixed with tea, coffee, or cocoa. 
Or with lime water, soda water, ardent spirits, or witli 
farinaceous gruels of various sorts, or as buttermilk, 
homnias, or whey. Were it not for the necessity of 
change and variety, we should, in a large number of cases, 
■want nothing but milk. It should, however, be remem- 
liered that milk is by no means a perfect kind of liquid 
food. In the course of its digestion in the stomach, 
milk is coagulated Into solid masses, and these maeses 
liave to be rediasolved before they can be absorbed. Not 
"Unfrequently, if milk be given too freely, or when there 
Is excess of acid in the stomach, these curdy masses fail 
of being dissolved ; and they are discharged by vomiting, 
or they pass down the intestine more or leas unchanged, 
and are ultimately voided with the stools. In this way 
milk may become an objectionable form of liquid food ; 
these curds may block up a narrowed part of the in- 
testine, or they may undergo putrefactive changes, and 
thei"eby irritate the tender or ulcerated mucous mem- 
lirane. To obviate this drawback we are in the habit of 
■combining milk with an antacid. By this means the 
formation of curds in the stomach is restrained or wholly 
prevented. The most common practice is to mix the 
milk with one-thii^d or one-fourth of its bulk of hme 
water, and often with the happiest results. But in many 
ipstances the symptoms ate not thus allayed, and the 
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milk is still disohargedm hard andBOur ctirdB, Paili 
in these cases is often solely due to the feeble antac 
cajiacity of lime water. The saturating potency of lim 
water is in reality very low. Quicklime dissolves in wate 
only to the extent of about half a grain to the fluid ounce 
This is only equivalent in saturating power to one grj 
of chalk or to a grain and a half of bicarbonate of 80i 
To reach a full antacid effect lime water requires 
be given in very large quantities — quantities which ! 
altogether impracticable. Six ounces of lime water ai 
only equal to a single ordinary antacid dose of chalk 
bicarbonate of soda. I have repeatedly observed in easel 
of feeding with milk and lime water, that failure wa 
simply due to the feebleness of the antacid charge, an 
that when a solution containing five or ten grains pe 
ounce of bicarbonate of soda was substituted for lim 
water as an admixture with milk a favourable resai 
was at once ol>tained, and the discharge of hard cuCii 
an-ested. 

Beef-tea ami other Meal-decoctions.— iJiext to milk, 
frequency of use and in high esteem, come beef-tea an 
other meat-decoctions. Long experience has satisfied 
in this country of the usefulness of these preparation 
in feeding the sick. Beef-tea and its congeners (mutton 
tea, veal and chicken broth), however, take rank 
restoratives and stimulants, rather than as nutrient 
They contain no albuminous matter in solution, an 
the small quantity of gelatin contained in them can 
not be of much account. There is a wide-spread 
apprehension among the public in regard to the nut 
tive value of beef-tea. The notion prevails that 1 
nourishing qualities of the meat pass into the decoctii 
and that tbc dry hard remnant of meat-fibre w] 
remains undissolved is exhausted of its nutritive ji 
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perties ; and this latter is often given to the cat or dog, 
or even, as I have known, thrown away as uselesB rnb- 
bish into the midden. A deplorable amount of waste 
arises from the prevalence of this erroneous notion in 
the households of many who can ill afford it. The 
proteid matter of meat is, as you know, quite insoluble 
in boiling water, or in water heated above 160° Fahr. 
The ingredients that pass into solution are the sapid 
extractives and salines of the meat, and nothing more, 
axeept some trilling amount of gelatin.' The meat- 
remnant, on the other hand, contains the real nutriment 
of tht; meat ; and, if this be beaten to a paste with a 
spoon, or pounded in a mortar, and duly flavom-ed with 
«alt and other condiments, it constitutes not only a 
highly nourishing and agi'eeable, but also an exceedingly 
digestible, form of food. 

Cold-made Infusions of Meat. — The defect in nutri- 
tious value of beef-tea led Liebig to suggest the use of 
cold-made infusions of meat. He recommended that 
minced beef should be infused in cold water acidulated 
with a few drops of hydrochloric acid. An infusion 
so prepared differs essentially from beef-tea in the fact 
that it contains, in solution, a large amount of albumi- 
Moid matter. The addition of the acid is, according to 
my observatione, a needless complication of the procens. 
Infusions quite as rich in albimaen were obtained when 
simple water was used as when the water was acidulated 
with hydrochloric acid. Infusions made from minced 
meat with halt its weight of water, and allowed to stand 
for two hours, and then pressed through cloth, were 
fbond, on analysis, to contain over tour per cent, of dry 

' These remarka on beef -tea apply equaUj to Liebig's Eitiact ot Mest, 
Bnnd's Esauuce of Be^f, ajid Valealine's Meat-Juice, all of wMch give 
y a elight reaclloti of albumen with nitria aaid. 
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albumoii. This amount of proteid is equivalent to thai 
contained in cow's milk. The natritive value of sucl 
infusions is, therefore, very high. When heated to the 
boiling point, they coagulate into a solid jelly. Made 
from beef or mutton, the product has an impleasani. 
bloody appearance; but, when made from veal, tha 
coloration is much paler. The best prepai-ation, how- 
ever, is made from the meat off the breast of a chicken. 
This meat is nearly white, and it yields an infusion: 
which is almost coloui'less, and which sets, on heating,, 
into a sohd white jelly, of very agreeable appearajiee. 
Cold-made meat- in fusions cannot be heated above 114" 
Fahr. without becoming turbid from commencing coagu* 
lation of albumen. It is, therefore, impossible to cook 
them without destroying their liquid character. The 
objection to these infusions is their raw flavour, which to 
many is highly disagreeable — though some invalids take 
them without the shghtest objection. The best way o£ 
covering the raw taste is to add some ordinary beef-tea 
or a little of Liebig's Extract of Meat. Some prefer f 
flavour communicated by a slice of lemon, or by ti 
addition of a little claret.' 

Beaten-ii.p AV/j/a.— Another highly nutritive form i 
liquid food is supplied by raw egga. The yolk, or whita^ 
or both together, are beaten up in various ways and eom^ 
binations which are well known. Eggs are more easily 
digested by the stomach in the cooked than in the un-i 
cooked state ; but, when the stomach is weak and unable 
to digest solid food, beaten-up eggs pass through it into 
the duodenum without being meddled with, and i 
slowly digested in their passage down the intestine., 
They are incapable of forming lumps or masses, and a 

' Cold-miule meat-iaftisiona keep badly. The; should be preHrvlj 
in a (M)ld cellar, ox, Btill better, on ice. 
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therefore, well adapted for cases of narrowing or ulcera- 
tion of any part of the digestive tract. 

Firytijicd (Jriids.—A very important kind of liquid 
food is furnished by gruels made with the several kinds 
of cereal or leguminous seeds. Gruels are not by them- 
selves an agreeable kind of food ; they lack flavour ; but, 
mixed with milk or beef-tea, they constitute a valuable 
addition to our resources in feeding the seriously sick. 
When prepared from the cereal flours in the usual way, 
they can only be made of feeble nutritive power, if 
their liquid charactei- is to be preserved. These floura 
are very rich in starch, and gruels made from them be- 
come thick and pasty if the proportion of flour used in 
their preparation rise to four or five per cent., and a 
gruel of this strength does not contain more than one- 
half per cent, of proteid matter. But, if the meai be 
mixed beforehand with one-eighth of its weight of ground 
malt, you can prepare from these flours gruels of much 
higher nutritive value, and still preserve their liquid 
character. The diastase of the malt acts upon the 
thickening starch as the heat rises, and converts it into 
soluble starch and dextrine. These fortified gruels can 
be made with as much as 20 per cent, of meal, and 
still maintain the fluid state.' Such gruels contain about 
two per cent, of proteid matter, and about 14 per cent, 
of carbo-hydrates, and are ailrairably adapted, combined 
with milk or beef-tea, to supply a varied kind of liquid 

' This muds of prepuritiK fortified gruels requires a, somewhat nice 
udjuEimeiit of temperatare for complete suacees ; and without the otie of 
a themiameter. and some practice in the operation, is apt to yield uii 
nnBatiEfactorj result. A better and easier method is to prepare the 
gruslB io the usual wa; with the unmiiced floura, and to thin them afler- 
wardB when cool by the addition of a previously prepared malt-intusion. 
This method is fully described in a subsequent article on 'The use of 
nikll, and especially of malt- infusion, in the predigeation of starchy 
See p. 21». 
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food of highly nutritious character. Mixtures of thi 
claBB seem especially suited for the nourishment of ca; 
of typhoid fever. 

Use of the variotis kiiidg of FarinaceuiLS Flours. 
matter of interest, in designing food for the aiek-room 
and nursery, is the consideration of the special i)ro- 
perties of the several kinds of cereal and leguminous 
substances used as food. In point of chemical composi- 
tion, the several kinds of cereal grains are closely allied 
still, there are differences between tliem, and these diffei 
encea may be of importance. The proteid of 
not quite identical with that of oats or barley. On thi 
other hand, leguminous seeds differ importantly in com- 
position from the cereal grains. Taking the lentil as 
type of the leguminous group, it is to be observed that] 
lentil-flour contains twice as much proteid matter aaj 
wheat or oat flour, and almost twice as much lime- 
Moreover, the proteid of the leguminous seeds difft 
materially from that of wheat or oats. These differencf 
are probably of not a little importance in feeding tl 
sick and the young ; and, if we had more knowledgi 
experience in their use, we could perhaps utilise 
advantage these several cereal and leguminous product 
and combine them in varied ways to meet the indicatit 
and necessities of different 

You must all have observed how there has grown a| 
in these latter years an enormous trade in prepar* 
' foods ' for infants and invalids. The very success 
this trade is some evidence of the usefulness of thi 
articles. Their composition is generally made more 
less of a secret, but whatever secret there be must 
hidden within a very narrow compass. The seven 
possible flours out of which these ' foods ' are mingled 
can be easily counted —wheat, barley 
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lentil, and one or two others. These are the ingi^e- 
dienta— with malt-flour in eome cases— out of which 
they are all compounded. Now, I cannot help thinkint; 
that it would he an advantage both to ourselves and to 
onr patients, if we knew more precisely what we were 
about in this matter, and if we were in a position to 
prescrihe for infants and invalids the several kinds of 
farinaceous aliments in proportions known to us, instead 
of blindly using some mixture of which we know not 
the exact composition. It is impossible for us to make 
progress in dietetics on such a path. I can quite beheve 
that these flours have their special excellences, and that 
they are severally adapted tor different cases and condi- 
tions. In the first place, they have distinctive flavours, 
and thereby may be made to contribute to the important 
end of providing change and variety for the invahd. 
Moreover, the faculty of ' agreeing ' of the different flours, 
in reference to the individual idiosyncrasy, is a point of 
not a little significance. Lastly, the difference of chemi- 
cal composition between the cereal and leguminous flours 
must have an important bearing on the dietetic uses of 
these two groups of aliments. It is, I repeat, a serioun 
disadvantage that the control of the prepai-ation of food 
for the sick-room and nursery should pass from the 
hands of the medical attendant to those of the purveyor. 
In the matter of drug-giving, all enlightened practitioners 
are chary of prescribing secret remedies. Such a prac- 
tice, it is felt, must be fatal to the intelligent use of drugs. 
80 it is with providing food for the sick. What we want 
is to have at om- disposal a supply of the several articles 
of food in their simple state, and suitable appliances in 
connection with the sick-room or nursery for cooking 
and combining them in varioufi ways according to the 
csigBncics of our patients. 
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I) THE SICK-ROOM KITCHES 

APPAHATOS AND INGREDIENTS REQUIRED FOR THE 
PREPARATION OF FOODS FOB INVALIDS. 

If I were asked to enumerate the ingredients and 
apparatus which are necessary for the cuisine of the sick- 
room and nursery, I think I could do ho very briefly. 
In addition to the resources of tlie domestic kitehen 
and larder, the siek-room kitchen should contain a sup- 
ply of the following flours : oat, maize, malt and lentil 
flours in a finely pulverised condition, and freed from 
bran. It should he provided with a solution of sodium 
bicarbonate, containing twenty grains to the ounce ; 
this would be of use to add to milk wlien 
and to assist in the preparation of peptoniaed articles 
of food. Nest to these would come a reliable pan- 
creatic extract, and a preparation of pepsin, or rennet, 
for the production of whey. The associated apparatus 
should include an enamelled rod thermometer, wherewith 
the nurse could, when desirable, heat up cold-made in- 
fusions of meat to a proper temperatnre, and regulate 
the warmth required in the predigestion of food. 
double -cased saucepan would form an indispensable 
item ; this makes an admirable hot-water bath for the 
preparation of beef-tea and fortified gruels. A pair of 
scales and glass measures would complete the list. 
Finally, there should be, for the service of the nurse, a 
card or sheet containing plain directions for the 
tion of the various kinds of liquid food. 

Given these simple appliances, I see no difficulty, in 
these days of skilled nursing, in the medical attendant 
being able to prescribe almost any kind of liquid food 
for his patients in any combination, and having it served 
up for the invaJid in the most suitable possible manner. 
There is no difficulty on the part of the miller in produe- 
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iiig meals from malt, oata, or lentils, freed from bran and 
toarser particles, and in nearly as fine a state of prepa- 
ration as wheaten flour.' In this state, these meals are 
sQBceptible of much more rapid and perfect cooking 
than when roughly ground. I have little sympathy 
with much that has been said of the advantages of whole 
meal and decorticated flour. It has been alleged that 
the too complete separation of the outer parts of the 
grain deprives the flour of its mineral matter. If we 
lived on bread alone, there would be some force in this . 
objection ; but as that is not so, and that we find in 
milk, meat, fish, eggs, soups, and fresh vegetables, a 
superabundant provision of mineral matter, and have, 
moreover, always at our elbows a supply of salt, there 
can never be any lack of sahne materials in our food. 
The branny matter of the flour is both indigestible and 
irritating to the piimte vise ; and although it may not 
injure, or may even be useful, to the strong and healthy, 
it is quite an unfit element in food designed for the weak 
iind tender membranes of the invalid and infant. 
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PREPARATIOS AND USE OF ARTIFICIALLY DIGESTED FOOD. 

{Third Lutitleian Lecture.) 

nMMABT ; — Introductory Remarks— Pancreatic digestion ot milk — Modi- 
fied casein or metacitBeia — Directions for the preparation o( peptonized 
articles of food— Pep toniaed milk — Peptonised grael — Peptonised 
milk-gruel— Peptoniaed aoupa, jellies, and blancmanges- Peptonised 
beel-tea — Nutritive value o! peptonised food— Clinical eiperience of 
poptonised food- In anemic vomiting— In gastric catarrh- In the 
erises of cardiac disease — In pernicious amemia — In gastric nloer — 
In pyloric and intestinal obatrnction — Use of pancreatic extract tu 
an nddition to food nhortly before it ie eaten- Fanoreatio extract a» J 
an addition to natri 



The suggestion to administer to invalids artificial^^l 
digested food appears at first sight a somewhat startling 
proposal. So great an interference with the order of 
natm-e would seem to go beyond the legitimate province 
of art. But when we reflect how largely art already 
interferes in the preparation of our food, the taking oC 
this further step will appear less surprising. Thet_ 
practice of cooking is in reality as complete a departure 
from the ways of untutored nature as artificial digeBtioi 
would be. Among the almost countleHs species ■ 
animals, not one of them, except man alone, cooks 1 
food, insomuch that man has, not inaptly, been def 
as the cookiag animal. 

My previous remarks on the effects of cooking (m 
p, 177, ci icq.) go to show that the i-hangts impressed c 
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food by cooking form an integral part of the work of 
digeBtion — a part which we of the human race get done 
for ua by the agency of artificial heat — but a part which 
the lower animals are compelled to perform by the 
labour of their own digestive organs. It must also be 
borne in mind that the digestive process carried on in 
the alimentary canal is, strictly speaking, executed on a 
doubling of the exterior surface, and not in the true 
interior of the body. If we take these considerations 
into account, it will appear, I think, not unnatural that 
, we should try to help our invalids by administering their 
food in an already digested, or partially digested, con- 
dition. We should thereby only be adding one more to 
the numberless artificial contrivances with which our 
civilised life is surrounded. 

Dr. Pavy ' was, I believe, the first to carry into actual 
practice the idea of preparing an artificially digested 
food. At his suggestion, Messrs. Darby and Goaden in- 
troduced a preparation which consisted of meat reduced 
to a fluid state by artificial digestion. The formula for 
this preparation has not, so far as I know, been made 
pubhc. It is still in the market,^ and is sent out and 
advertised by Savory and Moore under the title of 
' Darby's Peptoniaed Fluid Meat.' A specimen of this 
preparation is on the table before me. It has the appear- 
ance of a hght brown very thick treacle. It has a strong 
salt taste and an agreeable meaty flavour, without any 
bitterness. It is mostly soluble in water. The solution 
does not precipitate on boiling, nor with nitric acid, and 
it gives a strong reaction of peptone with Fehiing's solu- 
tion, and with tannin. 

I have alsobefore me a specimen of artificially digested 
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meat prepared by Mr, Benger. It ib a greyish-looking 
extract, with a ))leasant meaty flavour, and is quite 
devoid of bittfrness. It diaeolvea mostly in water, and 
the solution gives the usual reactions of peptone in great 
intensity. Mr. Benger informs me that it is made by 
operating at a temperature of about 140°Fahr., on finely 
triturated raw beef with pancreatic extract and a little 
carbonate of soda. The solution thus obtained is neu- 
trahsed with hydrochloric acid, and then evaporated at 
'212^ Fahr. to the conBistency of a solid estract. Both 
of these preparations appear to me to be much superior 
in value to any of the meat extracts hitherto introduced. 

But however useful preparations of this class may 
prove to be, in a limited range of circumstances, it is 
pretty evident that if artihcially digested food is to l>e 
employed on a large scale, and among all classes^ 
means must be found to bring the preparation of 
within the range of culinary operations and the apparatus 
of the kitchen and sick-room. 

The difficulty hitherto encountered in the productio 
of an artificially digested or peptonised ' food suitable f(^ ^_ ir 
invalids, is mainly owing to the use of the gastric meth i- -i d 
in its preparation. If you subject any native article -of 
food— say milk, bread, egg, or meat— to artificial dig^^g- 
tion with pepsin and hydrochloric acid, you destroy mi 
or less completely the grateful odour and taste, and t^ Jie 
inviting appearance, which made it desirable as to^zDd, 
and convert it into an unsavoury mess, from which 'the 
human palate turns away with disgust. The unsavotiri- 
nesB of artificially digested food is, however, not due to 
any ill taste or amell inherent in the products of dig^ 
tion — which, when purified, are both odourless and free 

' I may be permitted to use the word ' peptonised ' as a canveiuul 
nbbieyiatLon far the phrase ' artificiaU; digested.' 
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from any unpleasant flavour — but to a number of bye- 
products of various kinds, wbieh accumulate as digeation 
proceeds. One of these bye-products is a substance with 
a pnre bitter flavom-, which seems to be a constant ac- 
companiment of gastric digestion. It is also developed 
in some cases in the later stages of pancreatic digestion. 
I have not observed this bitter substance, except in the 
digestion of proteids. It is evidently a normal educt of 
the process, and its presence probably accounts, in most 
cases, for the bitter flavour of the eructations of which 
dyspeptics complain, and which is generally attributed 
to the regurgitation of bile. It would be interesting to 
know more about this subject. 

My own efforts to produce a palatable peptoniaed 
food have been chiefly directed to the pancreatic method. 
The pancreas excels the stomach as a digestive organ, 
in that it lias power to digest the two great alimentary 
principles, starch and proteids ; and an extract of the 
gland is possessed of similar endowments. This double 
power is a manifest advantage in dealing with vegetable 
aliments, which contain both starch and proteids. 

Any extract of pancreas may be used for the prepara- 
tion of artificially digested food, but the most suitable are 
those prepared with dilute spirit or chloroform water. 
The extract sent out by Mr. Benger, under the name of 
' Liquor Pancreatic us,' ' is an almost faultless pharma- 
ceutical preparation. It is made by extracting perfectly 
fresh and finely chopped pancreas with four times its 
weight of dilute spirit. By some ingenious devices, Mr. 
Benger has succeeded in overcoming the mechanical 
difficulties of the manufacture, and has produced an ex- 
tract which possesses the tUastasic and proteolytic pro- 
perties of the pancreas in a highly concentrated degree, 
it bj Mottersbead & Co., chemiEts, Manchester. 
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It is a neariy colooHess sotntion, with rerj tittle taste c 
smeD beyond that ei tbe spirit osed to preserve it. It i 
of this pi«|«tatian that I mast be understood to s 
in what I have mnr to eaj on the prodaction of airtificiaHj^ 
digested food bj pancreatic extracte. 

U; attention was fiist ttimed to the artificial i 
tioa of milk, and I soon found that it was possibi 
means of pancreatic extract, to digest this importanifl 
article of food with comparatively little disturbance of ita 1 
taste and appearance. Milk contains all the elements of J 
a perfect food, adjnsted in their due proportion for i 
nutrition of the body. Two out of its three organic eon.4 
stitnents — namely, the sugar and the Eat — exist already n^ 
the most favourable condition for absorption, and requir 
httle, if any, further assistance from the digestive fer 
ments. It is therefore obvions that if we could ch&ngf 
the casein of milk into peptone without materially altei^a 
ing the flavour and appearance of the milk, such a result^ 
would go far towards solving the problem of supplyi 
an artificially digested food for the use of the sick. 

PANCBEATIC DIGESTION OF UILK. 

"When milk is subjected to the action of pancreatic 1 
extract, at a temperature of 100° F. (38° C), iu an open 1 
glass vessel, a series of changes take place in it which are I 
highly interesting to watch. The first thing that arreste i 
the observer's notice is that the tough wrinkled skin 
which quickly forms on the surface of warm milk when 
exposed to the aii- is either not produced at all, or is only 
produced in a very imperfect degree. In its stead there 
forms a slight brittle and perfectly smooth pelhcle of J 
([uite a different appearance. The next thing noticed J 
is that the milk becomes more or less softly curdled.J 
By-and-bye the curds begin to redissolve, and the i 
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gradually reasaumes its originally diffluent condition. A 
portion of the curd is, however, very resistant, and re- 
mains undissolved for many honrs. If the milk he 
diluted beforehand with one-third or one-fourth of its 
bulk of water, this curdling phase ie altogether omitted, 
ot is only observed as a slight and transient thickening. 
Next follows a very curious change of aspect. The milk 
losee its glossy white appearance, and gradually assumes 
a dull yellowish-grey shade which is characteristic, and 
the degree of which enables the practised eye to judge 
with considerable precision how far the peptonisiiig pro- 
cess has advanced. This change of aspect is, however, 
by no means conspicuous, and would scarcely be remarked 
in a cursory observation, except by comparison with un- 
altered milk. While these changes are proceeding, the 
xnilk gradually loses its proper flavour, and at length 
develops a pure bitter taste, which is to many palates 
not disagreeable. No really unpleasant flavour is pro- 
claced unless the process be allowed to go on to incipient 
decomposition. 

The progressive transformation of the casein into 
peptone, of which these outward signs are the indica- 
tions and accompaniments, may be followed hy testing 
the milk from time to. time with acetic acid. At first 
the addition of the acid causes an abundant precipita- 
tion of curdy matter, but this reaction progressively 
-diminishes in intensity until at length it ceases alto- 
gether. When this point is reached the transformation 
xnay be regarded as complete. All the casein has been 
changed into peptone — even nitric acid no longer causes 
a precipitate. The time occupied in the transformation 
(BQpposing the temperature and the aeti\ity of tiie 
preparation to be constant) depends on the quantity of 
■.J^yvtiaatJe extract added, and may be made to vary horn 
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a few minutes to several hours. In the ordinary opera- 
tion of preparing peptonised milk for invalids, two or 
three teaapoonfuls of the liquor jjancreaticus are added 
to one pint of milk diluted with a third of its bulk of 
water. With these proportions, and at a temperature of 
10(F Fahr., the process is usually completed in from two 
and a half to three hours. 

Modified Casein or Metacasern.— The conversion of 
casein into peptone does not take place hy a direct trans- 
formation of the one hody into the other. You all know 
that milk does not curdle or coagulate in the least degree 
on being boiled, but when milk is subjected to the action 
of pancreatic extract (provided no alkali be added) it 
speedily loses this negative property, and curdles ahun — 
dantly on boiling. This coagulation on boiling is mosti 
intense soon after the addition of the extract, and it veti^ 
gra/dually diminishes in intensity as the action goes on ^ 
and ceases altogether about the same time that aceti*^ 
acid ceases to cause a precipitate. It was, moreovenK 
found that if the milk was boiled at the period of thi 
greatest intensity of this reaction, and thrown on a filte"^^3er. 
the whole of the albuminoid matter of the milk w^ ~^afi 
caught on the filter in the form of curds, and the filtra..^E=ite 
showed not the slightest reaction of casein. These i_^Li e- 
aclions revealed the interesting fact that in the transfcz^- or- 
mation of casein into peptone by pancreatic extract, tz^BIte 
fhrst step in the process is the conversion of casein it^^nto 
an intermediate body, and that it is this intermedi- 
body which is subsequently gradually changed into [^ 
tone. This body may provisionally be called inetaeas - 
signifying thereby that it is still casein, but in a modLdSerf J 
condition. Metacasein is characterised by two reactiOii^ , 
which, taken together, serve to distinguish it from otb& j 
proteid bodies— it is coagulated by boiling in neufa/ , 
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media, and it is precipitated in the cold by acetic acid. 
The conversion of casein into metacasein in pancreatic 
digestion tates place almost suddenly, as is shown by 
the following experiment :^5 enbic centimeters of pan- 
creatic extract were added to 100 cubic centimeters of 
milk, diluted with one-fourth of its bulk of water, and 
maintained at blood-heat. The first slight, almost doubt- 
ful, evidence of coagulation on boiling was perceived in 
three minutes ; in five minutes coagulation on boiling 
was pronounced ; and in nine minutes it had reached 
its maximum. From this point coagulation on boiling, 
and precipitation on the addition of acetic acid, dimi- 
nished in intensity pai-i pagnu very gradually for a period 
of two hours, when both reactions finally ceased. 

Taking these observations and reactions together, it 
is evident that the conversion of casein into metacasein 
constitutes a first and distinct step in the transformation 
of casein by trypsin, and that this step is antecedent to 
the further and slower changes by which metacasein is 
transmuted into peptone. It is impossible not to see in 
this a striking analogy with the audden transformation 
of gelatinous starch into soluble starch under the action 
of diastase, as described on a previous page (p. 20). 

When milk is rendered slightly alkaline by the pre- 
vious addition of a little bicarbonate of soda, no precipi- 
tation on boiUng occurs during its digestion by pancreatic 
«itract. But the metacasein ia nevertheless produced, 
and its presence may be detected by carefnlly saturating 
the alkali, and then boiling. For although metacasein 
is precipitated on boiling when the solution is neutral, 
it is not precipitated when the solution is even slightly 
alkaline. This is the reason why, in preparing pepto- 
uised milk for the sick, it is desirable to add to it a small 
I -%Hatity of bicarbonate of soda. 
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The forgoing acconnt of the behaTionr of milk with 
L pancreatic extract will greatly facilitate the comprehen- 
\ sion of the practical roles which must be followed iii 
preparing peptonised dishes for invalids. 

DIBSCT10MS FOE THE PRKPARATIOS OF PEPTOXISED 
ARTICLES OF FOOD, 

Peptoniged Milk. — A pint of milk is diluted with a 
quarter of a pint of water, and heated to a t-emperature 
of abont 140= F. (60° C.)- Two teaapoonfuls of liqnor 
pancreaticas, together with twenty gi'ains of bicarbonate 
of Boda, are then mixed therewith. The mixture is then 
poured into a covered jug, and the jag is jilaeed in a 
warm situation in order to keep up the heat. At the end 
of an hour or an hour and half the product is raised to 
the boiling point. It can then be used like ordinary milk. 

The object of dOuting the milk is to prevent the 
curdling which would otherwise occur and greatly delay 
the peptonising process. The addition of bicarbonate of 
soda prevents coagulation during the final boiling, and 
also hastens the process. The purpose of the final boil- 
ing is to put a stop to the ferment action when this 
has reached the desired degree, and thereby to prevent 
certain ulterior changes which would render the product 
less palatable. The degree to which the peptonising 
change has advanced is best judged of by the develop- 
ment of the bitter flavour. The point aimed at is to 
carry the change eo far that the bitter taste is faintly 
perceived, but is not unpleasantly pronounced. Aa it is 
impossible to obtain pancreatic extracts of absolutely 
constant strength, the directions as to time and quantity 
must be understood with a certain latitude. The extent 
of the peptonising action can be regulated either by in- 
creasing or diminishing the dose of the liquor panere- 
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aticuB, 01- by inereaaiiig or diminishing the time during 
which it is allowed to operate. By skimming the milk 
lieforehand, and restoring the cream after the final boil- 
ing, the product is rendered more palatable and more 
milk-Hke in appearance. 

Prepariitinii of Peptonised Milk in the Cold. — ^The 
action of pancreatic extract on milk goes on at the ordi- 
nary temperature of the air exactly in the same way as 
at blood-heat — except that it is slower, and requires a 
longer time for completion. The cold method has, how- 
ever, a convenience and simplicity which recommends it 
for general use in the sick-room. I have accordingly 
drawn up the following directions for the preparation 
of peptonised milk at a temperature of 60*^ to 65° Fahr., 
which may be regarded as the ordinary degree of warmth 
maintained in rooms occupied by invalids. In the winter 
HeasoD it will be necessary to sUghtly warm the ingre- 
dients beforehand in order to bring them to the due tem- 
perature, but in the warmer seasons the operations can 
be carried on without any preliminary heating. 

A pint of milk is diluted with half apint of itme-!fa(er ' 
— or with half a pint of water containing twenty grains 
of bicarbonate of soda in solution. To this are added 
three teaspoonfuls of liquor pancreaticus. The mixture 
is then set aside in a jug or other convenient vessel, in 
the sick-room, for a period of three or four hours. At the 
expiration of this time the milk is far advanced in the 
process of digestion, and has developed a slightly bitter 
taste. It is now ready for use. It may be used cold, 
either alone, or with soda-water, which covers the bitter- 
ish taste remarkably well^or it may be warmed and 
sweetened for administration to infants. 
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If milk thus prepared be consumed at the period in- 
dicated — ^that is to say, at the end of three or foor honrB, 
it need not undergo any final boiling — it is better, indeed, 
to nse it without hoihng. because the half-finished pro- 
cess of digestion will still go on for a time in the atoniiich, 
But if milk thus prepared has to be kept much longer, 
it is advisable to raise it for a moment to the boiling 
point, so as to bring the action of the ferment to 
mination, and thus to prevent those ulterior changes 
which render the product disagreeable to the palate. 

The process can be regulated with the utmost nicety 
by occasionally tasting the mixture, and -watching the 
development of the bitter tlavour — and it can be perma- 
nently arrested at any moment by heating the product 
to the boiling point. 

Peptonisi-d Gruel. — Gruel may be prepared from any 
ot the numerous farinaceous articles which are in com- 
mon use — wheaten flour, oatmeal, arrowroot, sago, pearl 
barley, pea or lentil flour. The gruel should be very well 
boiled, and made thick and strong. It is then poured 
into a covered jug, and allowed to cool to a lukewarm 
temperature. Liquor pancreaticus is then added in the 
proportion of two teaspoonfuls to the pint of gruel. At 
the end of three hours the product is boiled and strained. 
The action of pancreatic extract on gruel is two-fold — 
the starch ot the meal is converted into sugar, and the 
albuminoid matters are peptoniaed. The conversion of 
the starch causes the gruel, however thick it may have 
been at starting, to become quite thin and watery. The 
bitter flavour does not appear to be developed in the 
pancreatic digestion of vegetable proteids, and peptonised 
gruels are quite devoid of any unpleasant taste. It is 
difficult to say to what extent the proteids are peptonised 
1 the process of digestion by pancreatic extract. The 
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product, when filtered, gives an almndant reaction of 
peptone ; but there is a considerable amount left of un- 
dissolved material. Mont of this, no doubt, consists of 
insoluble vegetable tissue, but it also contains some un- 
liberated amylaceous and albuminous matter. Peptonised 
gruel is not generally, by itself, an acceptable food for 
invalids, but in conjunction with peptonised milk (pep- 
tonised milk-gi-uel) , or as a basis for peptonised soups, 
jellies, and blaoc-manges, it is likely to prove valuable. 

Pt'jitiiiiised M ill, -gnitl.— This is the preparation of 
which I have had the most experience in the treatment 
of the sick, and with which I have obtained the most 
satisfactory results. It may be regarded as an artificially 
digested bread -and- milk, and as forming by itself a com- 
plete and highly nutritious food for weak digestions. It 
ia very readily made. First, a good thick gi-uel is pre- 
pared from any of the farinaceous articles above men- 
tioned. The gruel, while still hot, is added to an equal 
quantity of cold milk. The mixture will have a tem- 
perature of about 125^ F. (52° C). To each pint (550 
cubic centimeters) of this mixture, two teaspoonfuls of 
liquor pancreaticus, and twenty grains of bicarbonate 
of Boda are added. It is then set aside in a warm place 
for two or three hours, and finally raised to the boihng 
point and strained. The bitterness of the digested milk 
ia almost completely covered in the peptonised milk-gruel ; 
and invalids take this compound, if not with rehsh, with- 
out the least objection. 

Since the first publication of these lectures, pepto- 
nised milk-gi-uel has found favour with many practi- 
tioners, and has come into considerable use among their 
patients. I find, however, that some persons fail to pep- 
toniae milk-gruel so as to make it acceptable to the 
palate and stomach of the invalid. This is entirely due to 
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allowing the peptoniaing process to go on too far. Arti- 
ficial digestion, like cooking, must be regulated as to its 
; and it is eaay to regulate the degree of artificial 
digestion by the length of time during which the pro- 
cess is allowed to go on. It must be remembered that 
liquor pancreaticus (and every other form of pancreatic 
extract) is more or less variable in its activity, just as 
the fires used in cooking vary in their intensity, and that 
allowance must be made for this variability. If the 
liquor pancreaticus is very active the slight bitterness, 
whereby it is known that the process has been carried 
far enough, is developed in an hour, or less ; but if the 
preparation is not so active two or three hours may be 
required to re^ich the same point. It must further be 
borne m mind that the warmer the temperature at 
which the process is carried on the quicker is the action 
of the ferment. The practical rule for guidance is to 
allow the process to go on until a faintly perceptible 
bitterness is developed, and not longer. As soon as this 
point is reached the milt-gruel should be raised to the 
boiling point, so as to put a stop to further changes. 

Peptunised Soups, Jellies, and Blanc-manges. — I have 
sought to give variety to peptonised dishes by preparing 
soups, jellies, and blanc-manges containing peptonised 
aJimenta. In this endeavour I have been assisted by a 
member of my family, who has succeeded beyond my 
expectations. She has been able to place on ray table 
soups, jellies, and blanc-manges containing a large 
amount of digested starch and digested proteids, pos- 
sessing excellent flavour, and which the most delicate 
palate could not accuse of having been tampered with, 
Soups were prepared in two ways. The first way was to 
add what cooks call ' stock " to an equal quantity of pep- 
tonised gruel, or peptonised milk-gruel. A second and 
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better way was to use peptonised grnel, which is quite 
thin and watery, instead of simple water, for the purpose 
of extracting shins of beef and other materials employed 
for the preparation of soup. Jdlim were prepared simply 
by adding the due quantity of gelatin or isinglass to hot 
peptonised gruel, and flavouring the mixture according 
to taste. Bla7tr-inan(jes were made by treating pepto- 
nised milk in the same way, and then adding cream. In 
preparing all these dishes it is absolutely necessary to 
complete the operation of peptonising the gruel or the 
t ni lTt even to the final boiling before adding the stiffening 
ingredient. For if jiancreatic extract be allowed to act 
on the gelatin, the gelatin itself undergoes a process of 
digestion, and its power of setting on cooling is utterly 
abolished. 

Peptonised Beef-tea.~B.aM a pound of finely minced 
lean beef is mixed with a pint of water and 20 grains 
of bicarbonate of soda. This is simmered for an hour. 
When it has cooled down to a lukewarm temperature, a 
tablespoonful of the Uquor pancreaticus is added. The 
mixture is then set aside for three hours, and oceasionally 
stirred. At the end of this time the liquid portions are 
decanted and boiled for a few seconds. Beef-tea pre- 
pared in this way is rich in peptone. It contains about 
4-5 per cent, of organic residue, of which more than 
three-fourths consist of peptone— so that its nutritive 
value in regard to nitrogenised materials is about equiva- 
lent to that of milk. When seasoned with salt it is 
scarcely distinguishable in taste from ordinary beef-tea. 
The extreme solubility of digested products — whether 
of starch or of proteids — detracts from their acceptability 
to healthy persons. To them they appear thin and watery 
—they miss the sense of substance and solidity which 
is characteristic of their ordinary food. But to the weak 
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invalicl without appetite this sense of substance orl 
tbickening is generally objectionable, and be takes withl 
more eaae an aliment which he can drink like water.f 
The jellies and blanc-manges, on the other hand, give to 1 
invalids of more power that sense of resistance andj 
solidity which is desired by those of stronger appetite. 

NTJTBITIVE VALUE OF PEPTONISED FOOD. 

At the outset of this inquiry we are met with the 
question : Is it certain that the ultimate products of 
digestion are of equal nutritive value to the mixed transi- 
tional products which are produced in succession, and 
probably absorbed as the food is gradually transformed 
in the alimentary canal ? — in other words, are maltose 
and peptones alone as valuable to the economy as 
mixture of these substances with the several dextrine* 
and hemipeptones which are presented to the abBorbent 
surfaces in the course of natural digestion *? 

With regard to the products of starch-digestion, ni 
direct experiments have been made on the nutritivft 
value of maltose, and we can do little more than conjei 
turo that the intermediate dextrines have a usefulness of 
their own. That they are absorbed seems proved [as 
might have been expected from their known diffusibihty), 
for they have been detected in the blood, and especially 
in the blood of the portal vein. 

With regard to peptones, we have more information. 
It was naturally assumed by the earlier observers whoi 
identified peptone as the chief ultimate product of diges- 
tion that this was the form under wliich proteids were 
taken up by the absorbents and introduced into the blood 
for the nutrition of the tissues. But some twenty years 
ago doubts were cast on this conclusion. It was a1Ieg< 
by Briicke and Voit that the nutrition of the tissues 
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maintained not by peptone, which was iiiifitted for this 
pnrpoBe, but by soluble albumen, which was absorbed in 
the undigested state from the primse vis, and that the 
office of peptone was a subordinate one, resembling that 
of gelatin, and consisted in aiding to preserve the tissue- 
albamen from too rapid destruction. Du'eet observa- 
tions on the nutritive value of peptones have, however, 
shown thia paradoxical view to be untenable. As the 
point ia one of importance, I will endeavour to lay before 
you the proofa which have been already adduced of the 
food-value of peptones, and I will supplement these by 
some observations made by myself. 

P. Plosz ' was the first to put this question to the 
test of direct experiment. He fed a puppy dog weighing 
1,302 grams with an artificial compound made of fat and 
sugar, in imitation of milk, but in which the casein was 
replaced by artificially digested fibrin. In the course of 
eighteen days of this diet the dog grew and increased 
601 grams in weight. 

K. Maly - performed a similar experiment on a pigeon. 
He first fed the pigeon for several days on a regulated 
quantity of wheat until he had ascertained the quantity 
requisite to keep the bird in a state of nutritive equili- 
brinm, in which it neither gained nor lost weight. He 
then made an artificial corn from starch, fat, gum, salts, 
and water, but in which the gluten was replaced by 
fibrin-peptone, and fed the pigeon on the same quantity 
of this artificial corn as he had before given of the natural 
com. Under this novel diet the bird, after a short ap- 
prenticeship, not only maintained its weight, but actually 
put on flesh. This experiment seemed to show that pep- 
tone was even superior to natural gluten as a nutriment. 
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It was, however, objected to these experiments tba 
they did not rigorouely prove that peptone could bufl 
up the tiBsues, inasmuch as the increase of weight migh 
have been due to an excessive accumulation of fat or ( 
water, and that there might have been not an increaa 
but a decrease of the structural elements which containfl 
nitrogen. 

' To meet these objections, Plosz and Gyergyai ' inala 
tuted a third set of esperiments on a dog weighing 2,75 
grams. The dog was brought down by a diet of slm^ 
water to a weight of '2,531 grams. He was then fed on 
mixture composed of sugar, starch, and fat, and contail^ 
ing, in addition, 5 per cent, of purified peptone, 
this mixture about 400 grams were daily administered t 
the animal for a period of six days. In these six t 
the dog took in with his food 14-4.5 grams of nitrogei 
but the total of the nitrogen excreted by the urine a 
fffices only amounted to 13'46 grams, so that nearly on 
gram of nitrogen had been retained in the body of th 
animal, which had increased in weight 269 grams. Th| 
experiment went to prove that peptone served to rep( 
the wear and tear of the nitrogenised structural ei 
ments, and even contributed something to the inorea 
of weight. 

Adamkiewicz,' by a atill more rigorous method, in .1 
laborious series of experiments on a dog which was bt 
on a diet wherein the only possible source of nitrogen w 
peptone prepared from blood-fibrin, arrived at the coO 
elusion that peptone supphed nitrogen to the soli 
tissues, and that it possessed a nutritive value equal tl 
albumen, or even ahghtly superior ; and that therefori 
it could not be looked on as a bye-product of digestion 

I Pfiiiger'B Archiv, Bd. i. 1875, p. 53G. 
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but as the chief resultant of the transformation of pro- 
teids in the alimentary canal. 

The experiments above cited seem sufficient to settle 
definitely the question raised by Briicke and Voit, and 
to establish the nutritive value of peptone as a source 
of nitrogen to the tissues. It seemed, however, desirable 
to obtain direct proof of the nutritive value of peptonised 
milk as compared with the natural article. My observa- 
tions led me to the conclusion that it was easier to get 
a snpply of peptonised aliment suitable for invalids by 
the artificial digestion of milk by pancreatic extract than 
by any other method. But in so im])ortant a matter as 
the feeding of invalids, inference and conjecture seemed 
hardly a sufficient basis for actual practice. 

The questions I proposed to myself were — (1) la arti- 
ficially digested, or peptonised, milk alone sufiScient to 
sustain nutrition ? and (2) is it as efficient in this respect 
as natural milk ? For the purpose of answering these 
questions I procured four kittens, of the same brood, 
eight weeks old. Kittens at this age thrive perfectly on 
an exclusively milk diet. Two of the kittens were fed 
on natural milk, and the other two on milk previously 
digested by pancreatic extract. The digestion of the 
milk in the latter case was carried out to full completion 
— that is to say, until the milk became greyish and 
bitter, and no longer gave any precipitate witii acetic 
acid, nor even with nitric acid. The animals were per- 
mitted to have as much of their respective foods as they 
eould consume. I'he experiment was continued for a 
period of twenty days. The quantity consumed by each 
pair was as nearly as possible the same. All four con- 
tinued in perfect health, and took their nutriment 
greedily. I was surprised to find that the pair fed on 
peptonised milk showed no repugnance to the bitter taste 
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of their food, but appeared to relish it quite as well i 
their companions did their natural milk. The following'! 
table eshibita the f^ain in weight at the end of twenty * 
days by each of the four kittens. The weights are given ' 
in grams and in round numbers. 
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Initial Weigbt 


SS'^'C. 


iDcrauaof 
ffrfght 


(ilWrt^ 


Natural milk ; 


No. 1—386 
„ 2—558 
„ 3-403 
., 4—374 


614 
885 
636 

6H2 


176 

223 

1B8 


5S 

SO 
66 



The table shows that the percentage increase of wei^ 
was very nearly alike in all four animals. No different 
could be perceived in the sleekness of their coats nor i 
the vivacity of their gambols. The experiment provojj 
that peptonismg the milk in no degree spoils its nutritiT^ 
value. It also shows, as might have been expected, that 
in healthy animals with abundance of digestive power 
there is no advantage to be gained from the administra- 
tion of food in a predigested state. The quantity of i 
food which is taken and absorbed appears to be regulated f 
not so much by the quantity which can be digested as by J 
the quantity which can be assimilated. This experiment 
had an interesting sequel. After Nos. 3 and 4 had beenl 
fed on Jullii peptonised milk for a period of twenty days, ' 
they were fed for a period of ten days on partiaUy pep- 
tonised milk. By using a less quantity of the pancreatic 
extract in proportion to the milk, and by allowing the .^ 
process of artificial digestion to go on for not more than.*^ 
half the time allowed in the previous experiment, only aa^e- 
partial conversion of the casein was effected. As ueari .^^ ^ 
as I could judge by the precipitate caused with aceti..^Ei 
acid, the casein was digested to about the extent of o 
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half. Under these eireumstancea I certainly expected 
tliat Nob. 3 and 4 would gain weight aa before, and 
would continue to thrive as well as Nos. 1 and 2. It 
might have been anticipated that under these new con- 
ditions the proper digestive powers of Nos, 3 and 4 would 
come into play and complete with ease the unHnisbed 
work of the artificial process. But events did not pass 
exactly as I anticipated. The annexed table shows the 
actual reaults. The weights, as before, are given in 
grams. 



„„ 


Weight 


Weight on 
Srddny 


Woight on 
6th day 


•ssr 


"SLT 


Natoml niUk \ 


B-o. 1-SI4 
„ a— 838 




(TO-gBln IS 

887—1088 U 

ass- „ 7 


a4S— BKln 10 


818— g<dD» 



No interval was allowed to elapse between the two sets of 
esperiments, so that the initial weights in the second set 
are the same as the terminal weights in the first set. 
The abrupt alteration in the diet of Nos. 3 and 4 produced 
a marked disturbance in their nutrition. But there was 
no declension in their general well-being, and they con- 
tinued to take then- modified diet with the same avidity 
as before. In the first three days Nos. 3 and 4 showed 
an unusual increase of weight — an increase quite out of 
proportion to that of their companions. Then came a 
check ; in the next four days they not only showed no 
gain, but showed even a slight loss of weight. In the last 
tliree days they began to gain weight again, and were 
evidently recovering from the temporary check caused 
i>j theii' change of diet. The explanation of this series 
of events which has presented itself to my mind is the 
following, but I by no means wish to lay stress on its 
aicouracy. It seemed as if the enforced rest imposed on 
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the digestive organs for a period of twenty days, duringl 
tlie use of fully predigeBted food, had temporarily 
diminished their natural vigour — ^just in the same way 
as the disuse of a limb diminishes for a time the strength 
of its muBcles. During this first period, immediately 
following the change of diet, the unemployed digestive 
powers were suddenly called upon to resume their wonted 
activity ; but, owing to their enfeeblement from disuse, 
they were unable to respond to the call with due prompt- 
ness, and undigested materials accumulated in the intes- 
tines. This accumulation accounted for the unusual, 
increase in weight during the first period. During the 
next period the digestive embarrassment made itself felt, 
and gave a check to the processes of growth and nntri- 
tion, and the animals ceased to grow and gain weight. 
During the last period the temporary enfeeblement of 
the digestive organs was passing away, in proportion 
as renewed exercise was restoring them to their original 
vigour, and growth and increase of weight again com- 
menced. 

"WTiether this explanation be trustworthy or not, the 
lesson indicated by it is probably a true one — namely, 
that except in extreme cases, when the digestive power 
is wholly lost or in complete abeyance, it is more advan- ' 
tageous to use a food which has been subjected to partial ' 
artificial digestion than food in which the process has 
been carried out to completion. If the patient possess 
any digestive power at all, it is better that that power 
should be kept in exercise than that it should be per- 
mitted to deteriorate still further from total disuse. Thi» 
is in agreement with the rule we apply in other cases of 
enfeebled function, according to which we endeavour 
combine partial rest with moderate exercise. 
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CLINICAL EXrEKIENCE OF PBPTONIBED FOOD. 



The extreme difficulty of arriving at reliable conclu- 
sions in regard to the effect of therapeutical agents is 
well known to every sober-minded inquirer. The diffi- 
culty is not less, but probably greater, in judging of the 
effects of dietetic means. I have now had a consider- 
able experience, extending over a period of two years,' of 
the use by invalids of peptonised milk and peptonised 
milk-gruel, and it would be an easy task for me to recite 
a string of cases in which improvement and recovery 
followed the use of these articles of diet. But evidence 
of this sort would be wholly delusive unless checked by 
such an analysis of the circumstances of each case as 
would enable me to isolate the influence of the dietetic 
means. In the immense majority of cases such an ana- 
lysis would be obviously impossible, the conditions to be 
taken into axjcount would be too nuoierous, and their 
relative influence too difficult to determine. In a ques- 
tion of this kind one is obliged, in a large degree, to fall 
back on general impressions, and on deductions based 
on physiological considerations. Nevertheless there are 
Certain cases — most of them cases of incurable disease- 
in which the conditions are sufficiently simple to per- 
mit direct trustworthy conclusions to be drawn. 

I found that peptonised milk-gruel was generally 
preferred, as being more agreeable to the palate, to 
simple peptonised milk ; and by far the larger number 
of my observations were made with the former prepara- 
tion. I was also soon satisfied that, with most rare ex- 
<septions, peptonised milk-gruel was perfectly acceptable 
"to the invalid's stomach, and that a diet composed exclu- 

' Written in 1880. 
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Bively of this article could be used for many conseciiti^^e 
weeks without the slightest sign of failure of nutrition. 

The eases in which the use of peptonised aliment 1 
appeared to produce the moat striking benefits were those I 
in which complete anorexia prevailed, and those in which I 
the stomach was intolerant of food, and immediately re- 1 
jeeted every form of nutriment. A brief review of thel 
results obtained in cases of this kind will, I think, proTe'l 
instructive. 

Uramie Vomitinff. — In advanced Bright's 
cessant vomiting is sometimes a distressing and intract-' 
able symptom. In some cases of this class I have seen I 
the vomiting at once and permanently allayed by the I 
use of peptonised milk-gruel. The downward course of'] 
the disease may not have been a moment checked, but ' 
the relief to the dying patient was great. 

Gastnc Catarrh. — That form of gastric catarrh which 
is the Nemesis of alcoholic excess often yields immedi- 
ately to the use of peptonised food. In the later periods 
of cirrhosis there frequently prevails severe intolerance 
of every kind of food — the stomach rejecting even beef- 
lea and diluted milk in the smallest quantities. The 
relief afforded by tlie use of peptonised milk-gruel in 
some of these cases is most striking — the vomiting 
ceases almost from the first, and the intolerable sense of 
distension diminishes. ^H 

Crises nf Cardiac Disease. — Persons suffering from ^H 
dilatation and valvular incompetency usually encoimtei" ^| 
one or more crises which are susceptible of rehef before 
finally succumbing to their disorder. Those crises are 
marked by a general venous stagnation with severe con- 
gestion of the lungs, liver, and kidneys, and rapidly -* 
rising dropsy. Associated with these symptoms, there ^^ 
a generally almost complete inability to take food, andj^^ 
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sleeplessness. In this condition I have seen marked 
relief follow the use of peptonised aliment. I have long 
observed, as I doubt not have many of you, that the 
condition here described is often alleviated in the most 
striking manner by the use of exclusively liquid nouriah- 
ment — such as milk or milk-gruel, given in small por- 
tions 8 ub- continuously, or sippingly, as it were, through- 
out the waking hours — the patient being never permitted 
to take a distinct meal, nor a particle of solid food. As 
my practice has been to direct, in cases of this class, the 
administration of the peptonised aliment in this sipping 
fashion, the gratifying results noted have been partly 
due to the mode of administration ; but I have been 
convinced by more than one example, when the same 
liquid nourishment, in the natural and in the predigested 
condition, has been used in succession, that there was a 
distinct superiority in the predigested article. 

Pernicious Amemin. — In the earlier periods of this 
singular disorder, I am inclined to hope that predigested 
aliment may prove a valuable resource. In eases where 
the disease, although fully declared, was still of com- 
paratively recent origin, I have, in the last eighteen 
months, seen the symptoms checked under the use of 
peptonised milk-gruel. In one case, owing to the irrita- 
bility of the stomach, the milk-gruel was at first adminis- 
tered per rectum with pancreatic extract, but was after- 
Wards tolerated by the stomach. In three of these cases 
the ameUoration went on to complete restoration. In 
Caaes of longer standing I have failed by the same means 
to obtain the slightest improvement. 

Gastric Ulcer. — The use of an exclusively liquid 
^nourishment given sub-continuously, in the manner 
V>efore indicated, is a well-known and moat efiSeacious 
Kioode of treatment in these cases. But since adopting 
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the plan of giving peptoniBed milk-gruel, I think I have 
perceived that the results were distinctly better thaa 
before, especially in cases associated with epigastric pain. 
The almost absolute rest procured by this food for the- 
ailing organ appeared to be an additional advantage, 
roay be periDitted to mention one case. The patienb 
had Buffered from copious and repeated htematemesia, 
and from severe epigastric pain. The irritability of thfi. 
stomach was such that the aimplest nourishment, given 
in the amallest quantities, was immediately rejected. 
Peptonised milk-gruel was, however, tolerated at once ; 
vomituig only occurred two or three times during th« 
two first days of the treatment, and then ceased, as did 
likewise the epigastric pain. This patient used no other' 
food tor a period of six weeks, and took daily from two 
to three quarts with steady recovery of flcBh and^ 
strength. 

Pyloric and Intestinal Obstruction. — Peptonised ali- 
ment would appear to be especially suitable for ubq ia 
these cases, but, so far, I have been somewhat disap* 
pointed in the results. The vomiting has generally 
effectually controlled, but I have not been able to con-j 
vince myself, in eases of pyloric stricture, that the fakti 
event was delayed even a single day. When the obstrua* 
tion has been temporary, and due to a removable caus^ 
the results have been of course more satisfactory. 

I should be glad to see a further trial made 
peptonised, or partially peptoruHed, milk in the gaetril 
and intestinal catarrh of infants. In one severe case 
this class a favourable result was immediately obtained 
in another case there was greater tolerance of food, am 
more comfort after it, than with the use of simplj 
diluted milk. It would be interesting also to have ex 
; of the use of peptonised aliment in t; 
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' and in old age. The greater variety wliicli can 
few be given to this form of food by the preparation of 
peptonised soups, jeUies, and blanc-manges will serve to 
obviate the monotony sometimes complained of under 
the GontinuouB ose of peptonised milk-gruel. 

THE DSB OP PANCREATIC EXTRACT AS AN ADDITION TO FOOD 
SHOBTLY BEFORE IT IS EATEN. 

The administration of pancreatic extract with, or im- 
mediately after, a meal can, I think, have only a limited 
atilitj. On entering the stomach the pancreatic extract 
Would encounter the acid of the gastric juice, and when 
this rose above a certain point the activity of the ferments 
Would be destroyed. Still a not incon aider able interval 
of time must elapse before this point is reached, and 
during this interval the pancreatic ferments would ac- 
complish a certain amount of work. I have repeatedly 
Qidministered pancreatic extract in this way, but I am 
linable to say positively that I have seen benedt from 
this mode of adminifltration . There is, however, a modi- 
fication of this plan, which I have lately put in practice, 
that promises better results. It is to add the extract 
to the food fifteen or twenty minutes before it is eaten. 
Certain dishes commonly used by invalids— farinaceous 
grnela, milk, bread-and-milk, milk flavoured with tea or 
coffee or cocoa, and soups streagtbened with farinaceous 
matters, or with milk — are suitable for this mode of 
treatment, A teaspoonful or two of the liquor panerea- 
ticua should be stirred up with the warm food as soon as 
it comes to table. And such is the activity of the pre- 
j)aration that even as the invalid is engaged in eating — 
if he eat leisurely as an invalid should do— a change 
B over the contents of the cup or basin — the gruel 



31S «r 

teMiBGS iUaaa, Ae ^k dtox > dnde in etdour, 
f '*rF ctJiii BnUf, mai tte fiee M of l^rad soften. 
TktsaBrfKBMMm^HBWBBBgMsanfcv a time in the 
ill—ill, a^ am avT fcJw tfaat kfare the gastric 
adi prtc a fltop to Ae fcaena the mfc ol digesticni 



etdour, or H 
^ soften. ' 
the 

trie 



prc^Mratioiis ^ 
of altaH IB 1 
qnnd, wai, of cause, bo final baiEi^ The only pre 
cantioB to he otaarrod is Oat the teoipentare of I 
Cood. vlwn Ow atiarl ii ^UM, slall not eieeed 150» I 
(65^ CV nil poiai k my caalr aacertaioed, tor no 
bqnid can be tnfaiatud in the '■*™*fc. even when taken 
in sipe, vfaitfa haa a tempamtore abcnv 140- F. (60° C). 
If tlioclbre Ac load is iiiiKiiiiillj cool to be borne in the 
mooth, the olnwt may be added to it Titboot any risk 
of injming the actnitj of the faiaaita. 

PaMtrtatir Enrarl ma aa AMitiom to Niitritire Knc- 
mata. — Pancreatic extract ia peealiaily adapted (or ad- 
ministration with nntiitive enemata. The enem& may 
be prepand in the nsnal way with milk-gniel and beef- 
tea, and a dessert-spoonfol of hqncv pancTeatiens shoold 
be added to it jnst before administration. In the vai 
tempenttnre of the bowel the ferments find a £BiToar-l 
able medium for their action on tbe nntritive materials 
with which they are mixed, and there is no acid secretion 
to interfere with the completion of the digestiTe process. 

I have now had some experience in this method 0^^^ 
alimentation, and have been satisfied with its saccesa 
In one ease a patient soffering from postpharyngefc,^ 
abscess, which entirely occlnded the cesophagns, "'^ r 
nonrished exclusively for a period of three weeks (nnti ~H 
the abscess broke) on enemata of milk-gruel mixetl wi%;,^ 
'increatic extract. 
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{From ' The Praeiitioner,' December 1879.) 

— Varioua kinds o£ diastase — Conditions in which starch 
m 13 defectivB— Prcparationa of malt— Malt extracts— Mai t- 
n — Ita mode of preparation, properties, and preaervation— 
1 the antiseptic properties of ohlorotonn — Administration of 
it preparations with laod— PcBdigestion of starehj food — Liebig'a 
iBetbod— The use of malt infusion — Clinical experience. 

The digestion of starch consists, as is well known, in 
its conversion into dextrine and sugar. Ey this change 
starch becomes soluble and diffusible, and thereby 
adapted for absorption from the alimentary canal. It 
is further known that this conversion is effected partly 
by the sahva and partly by the pancreatic juice, and 
that the actual agent of the transformation is a special 
ferment contained in these secretions. As regards saliva, 
the ferment goes by the name of ptyalin, and is held to 
l>e identical with the diastase of malt. The correspond- 
ing pancreatic ferment has not received a distinctive 
lame ; indeed, until recently it was not thought to be a 
Separate body ; it was rather supposed that the pancrea- 
tic jiiice contained a single ferment which possessed 
Haanifold powers, and was able at the same time to pep- 
tonise proteids, to emulsify fats, and to convert starch 
VO\o sugar. It is now, however, ascertained that these 
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several powers correspond to separate ferments. The 
question has, as jet, been scarcely raised as to whether 
the diastasic agents of the saliva of the pancreas, and of 
malt, are one and the same ferment, or whether there 
are not more than one, perhaps several, modifications, 
all capable of doing similar work. It may be regarded 
as probable, in view of eerteun recent observations, that 
the latter supposition will turn out to be correct. 

As regards the pancreas, I have obtained evidence, 1 
which I need not here particularise, that its diastasic J 
agent is a distinct body from that of saliva and malt. ^ 
Until farther inquiiy it will be convenient to aee the:! 
word ■ diastase ' as a common term, signifying an amylo-1 
lytic ferment, that ia to say, a ferment having the power 1 
of resolving the starch molecule into more diffusible I 
bodies of the dextrine and sugar class ; and we may con- J 
veniently designate diastasic agents according to their J 
local source as malt diastase, saUvary diastase, pancrea>l 
tic diastase, and so forth,' 

Before diastase can exercise its power the cellulose 1 
investment of the starch granule must be ruptnred. This 
is acoompUshed for the human subject by the art of cook- ■ 
ing. In boiling and baking the starch-granules break up J 
under the combined influence of heat and moisture, andl 
the liberated starch swells out enormously by imbibition; J 
' of water into a mucilage or jelly-like mass. UnleBsJ 
starch is previously changed into this gelatinous state i&fl 
is acted on very slowly by the diastasic ferment. It isarfl 
matter of capital importance, therefore, in the sick room J^ 
to make sure that gruels, puddings, and other fi 
dishes prepared for the invalid are thoroughly cooked. 

' These three b; no mesne exhauat the hst of local di&stoses. TheraH 
is a di&stiise in tbe urine, in blood- set um. in the liver, and several other 
tissues □[ the body ; indeed, diaatast seems to be one of the moBt widelf 
diOuaed of all tbe solnble terments, both in plants and animals. 
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Having premised bo much, I pass to tbe consideration 
of the means we possess of artificially aiding the digestion 
of starch in cases where that process is defective from 
deficient diastasic power in the saliva and pancreatic 
juice. Unfortunately, oui- knowledge of the defect which 
it is proposed to remedy is very incomplete. Something, 
however, we do know with fair precision. We know that 
in infants uader three or fonr mouths old the saJiva has 
but a feeble diastasic power. I have further ascertained 
the significant fact that the pancreas of suckling calves 
itj inert on starch, and the inference is strong that the 
pancreas of the infant at the breast is in the same pre- 
dicament. It is not probable that the diastasic power 
is wholly wanting in suckhngs, seeing how widely this 
power is distributed ; hut it appears certain that it does 
not exist in suEScient amount to be available for the 
digestion of sensible quantities of starchy food.' This 
(leing so, it is obvious that farinaceous articles are unlit 
food for young infants unless artificial means are used 
to assist their digestion. With regard to older children 
ftnd adults, we possess very httle exact knowledge re- 
specting defective secretion of salivary diastase, and none 
^t all respecting defective secretion of pancreatic diastase. 
^''e may nevertheless pretty safely conclude that when- 
ever the mouth is dry there is diminished supply of 
Salivary diastase. In the febrile state, in advanced stages 
Cfcf most organic diseases, after alcoholic excesses, and in 
■ The earlier opinion that the saliva of jouog infanta was wholly 
Xvonting in diaBtaaic power is not Bapportei! bj recent reBearchaa. Both 
^ohiSer and Korowin found that the secretlaaB of the mouth of infaots 
Ikad a certain power of eonvBrting starch into augar. Zweifel also found 
Ulftt the eitract of the parotid (hut not the subm axillary) glaada ol atill- 
bom obildren and of infants dying a few duja after birth poaaeBBed this 
fkower, though apparently in feeble degree. Eitract of the pancreaa in 
the same aubjecta was found inert. (Zweifel, Unttirsuchungcn Uber den 
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a multitude of morbid conditions of yarious kinds, the' 
mouth is dry and the saliva ia scanty ; and it i 
able to infer that we shall be doing an important service 
to our patients so suffering by remedying this defect by 
artificial means. 

In malted barley we have at command an unlimited 
supply of diastaaic power, and it is not surprising that 
many eyes have been turned in this direction, and that 
many efforts have been made to utiHse this resource as 
a means of assisting the digestion of starchy food when 
the supply of natural diastase ia deficient. Of late re- 
newed interest in the subject has been created by the 
introduction into pharmacy of a new class of malt pre- 
parations, which, under the name of ' malt extracts,' are 
now challenging the attention both of the profession and 
the pubhc in a very prominent manner. It will be worth 
while to inquire into the real value of these preparations 
which have suddenly become so popular. The task m 
made easy by the opportune appearance of a valuable 
report on malt extracts by W. K. Dunstan and A, F„ 
Dimmock, published in the Pharmaceutical Journal few 
March 9, 1879. There ia also a simpler and cheaper 
preparation of malt, namely, the cold-water infusion, 
which I desire to bring under notice. This latter pre- 
paration has not yet been formally introduced into 
medical practice ; but its diastasic action on starch 1 
been minutely studied by Mr. O'Sullivan, and by Messra^ 
Brown and Heron, in an important series of papers pub- 
lished in the Journal of the Chemical Society.' I propose 
to say something about both these preparations. 

Malt Extracts. — These articles are now manufactured! 

I ' Contribution to the Hiatory of Starch and its TranafacmationB,' by 

Brown and Heron, Joilm. of Ike Chem. Sac, Sept. 18751. The paper* 

of O'SuUiTan are published in the same journal for the jear 1873 a 

sobsaqnant year. 
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on an enormous scale. No less than three limited com- 
panies exist whose sole business appears to be to make 
and sell malt extract, 'fhe best brands— those that 
appear to command oui- Enghah market — are Corbjn's, 
Kepler's, Trommer's, and the variety called ' Maltine' ; 
and the remarks I am about to make apply exclusively 
to these four ai'tieles, which may be regarded as practi- 
cally identical in character and merit. Malt extracts are 
essentially infusions of malt concentrated by evaporation 
to the consistency of a thick treacle. In order to preserve 
the activity of the diastase, which ia destroyed by a heat 
exceeding 170° Fahr., the evaporation is conducted at a 
low temperature, in vacuo, by the aid of costly machinery, 
and this accounts for the high price of these preparations. 
Malt extracts thus prepared are of a dark-brown colour, 
■very thick and viscid, and possess an agreeable, sweetish 
taste. Chemically they consist (besides water) of about 
70 per cent, of a variety of sugar called ' maltose," 
2 per cent, ot ealts, a varying quantity of diastase, and 
about 6 per cent, of nitrogenised compounds. The exact 
condition of the nitrogenised matter is not known. Some 
of it, no donbt, exists as albuminoid material, but this 
does not seem to be in true solution, for I find that when 
malt extract is diluted with three or four- times its bulk 
of water a copious precipitate falls, and the supernatant 
liquor shows only slight traces of albumen when tested 
•with nitric acid. From these facts it may be gathered that 
the value of malt extract as a food is but httle more than 
so much syrup, and that the statements made on this 
point in the advertisements are ridiculous exaggerations. 
Ibese preparations have, however, important uses as 
"vehicles— especially as a vehicle for cod-liver oil^which 
they suspend in the most perfect manner, and render 
acceptaltle to some stomachs which cannot tolerate the 
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oil in any other guiae. But the proper medicinal valae 
of malt extracts must be held to depend entirely on the 
amount of diastase which they contain, and in this 
respect I found that the four brands already named were 
highly actiTe, but not all equally so, 

Mait Infiisiioi. — The cold-water infusion of malt is 
an energetic diastasic agent, and trials of its action on 
various farinaceous gruels have led me to believe that it 
may with advantage be added to our list of malt pre- 
parations. I have adopted the following method and 
proportions as yielding a pharmaceutical preparation of 
convenient standard strength. Three ounces (or three 
piled-up table-spoonfuls) of crushed raalt are thoroughly 
well mixed in a jug with half a pint of cold water. The 
mixture is allowed to stand over night — that is to say, 
for ten or twelve hoiirs. The dupernatant liquor is then 
carefully decanted off from the sediment and strained 
through two or three folds of moslin until it comeS: 
through fairly clear and bright. The above quantities 
yield about six ounces of product. Malt infusion tbad 
prepared has a light-brown colour like sherry, a faini 
sweetish taste, and the odour of beer -wort. It is slightly 
acid in reaction, and its sp. gr. is about 1025. It te 
rendered cloudy by nitric acid, showing that it contains 
albumen. Its chief solid constituent is maltose, and it is 
rich in diastase, I was surprised to find that the action on _ 
starch of the above standard malt infusion was quite as S 
powerful as that of average specimens of malt extracts, m 
This shows that, in spite of all the precautions used in J 
the manufacture of malt extract, an enormous amounts 
of the unstable diastase is rendered inert and lost in th^^ 
process of concentration.' Malt infusion is very pron^*- 
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to fermentation, and it must either be prepared fresh for 
each day's consumption, or means must be used to pre- 
serve it from decomposition. This may be easily accom- 
plished by adding a few drops of chloroform to the 
infnsion, and keeping it in a well-corked bottle.' If the 

acid to which ihis reaction is due is not volatile. The proportion of 
acid, therefore, incteaaes aa evaporation proceeds. All acids, eyen 
oigauic acids, except in very minnte proportiong, are highly deatrnctive 
to diastase. 

I Note on the ABTiHRFnc Pbiipehties of Chlobofobm.— The anti- 
septic propertiaa ot chloroform have recently been brouBht up in 
Oennany as something new (see Lancet, Dec. 20, 1690, p. 1343). It is, 
however, no novelty at all. I have used chloroform tor the presemttion 
of all kinds ot organic liquids cooatantly for the past fifteen years, and 
have incidentally mentioned the fact in several of my published papers. 
I derived the hint from Claude Bernard's observations on the narcotic 
efteotB of ether and chloroform on veRetable organisms. The antiseptic 
power of chloroform, according to my observations, ia auBpensive, and 
not deatmctive. It acts really rather as an ansslhetic than as a true 
tntiaeptic. It does not Mil bacteroid organisms and their spores ; it 
only renders them dormant. It has, therefore, no permanent sterilising 
power, and is not adapted for the preparation of sterilised culture fluidx 
in bacteriological experiments. In the case of milk, blood-serum, and 
urine, (or example, chloroform when present in excess and in corked 
pllials preserves these fluids perfectly ; but when the corks are removed. 
*nd the chloroform is allowed to exhale, putrefactive changes set in jast 
SB if no preservative had been used. My experiments on the use of 
ohlorolorm lor the preparation of culture media were performed in the 
tallowing manner :— Long-necked flasks were charged ivith milk, blood- 
*«miii, or other organic liquid, and a few drops of chloroform were 
Added, taking care that more chloroform was used than the liquids could 
^isBOlve. The necks of the flasks were then tightly plugged with cotton 
Wool and firmly corked. Treated and kept in this way the liquids 
ained unchanged. But if at the end of a month or six weeks the 
Corks were withdrawn, while the cotton wool plugs were left aiidisturhed 
to prevent the access ot fresh germs, the volatile chlorofonn soon 
o&caped. and putrefactive changes, with abundant growth of bacteria, 
*3oiiuiienaed in a few days, showing that the germs originally present in 
U\e liquids were not dead hut sleeping. 

d chloroform as a digestive antiseptic, but as my 
Moa multiplied I diaoontinuad tbe practice u being obvloml; 
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taste and odour of ehloroform thus commuQicated to t 
mfusion be objected to, this may be obviated by poui 
out the intended dose into a wide-mouthed wine-giaaa 
or a saucer two or three houra beforehand, and allowing 
the vessel to stand on the mantelpiece or other warm 
plfice. The chloroform soon flies off in vapour, and the 
infusion is restored to its original taste and smell. 

Preparations of malt may be utihsed for their dias- 
taaic property in two ways : either they may be admin- 
istered with a meal, ao as to perform their mission during 
ajid for a short period after the ingestion of the food, or 
they may be mijred icith the food beforehand with a view 
to predigest the starchy matters before they enter the 
mouth, I shall consider these two methods separately. 

1, Adviinistratioii of Malt Preparations idtk Food. — 
The labels on the malt extract bottles iisually direct one 
or two dessert-spoonfnls to be taken after a meal. This 
is obviously a bad mode of utilising the diaatasic powem 
of the preparations. A meal is often a long affair : the 
earlier portions may be in full digestion before the final 
portions bavu pasaed the mouth, and it must be borne in 
mind that diastase is rendered permanently inert by the 
acid of the atomach, and that as soon as the meal is 
penetrated hy the acid gastric juice the conversion oi 

futile. Chloroform uinat be present io oonsiderable proportion 
cUe BD appreciable antiseptic or antitermetitive eBect, and it could q 
be aalelj introduced into the stomach in snfflcient quantity tor tl 
pmpoae ; beaidee. fermentive processes do not occur in the stotnaeh W 
snch speed or Lo such an extent as to disturb its function, eioept I 
oaees of p3'lorio obstmctioD. This proposition seems to beproTedbjtf 
observBuons recorded in the next section, p. 343. As to ftny effect ■ 
chlorotonn on intestinal putrefactive chanKes. as supposed bj Salkmi 
and Eirohner, it i9 cjuite inconceivable that a substance so volatile M 
absorbable coulJ. in the warm almo.tphere of the body. 9 
the small inteGtines in sufficient quantity to exercise any anlisepU^ 
influence. 
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etarch is arrested, and no further progress is made therein 
nntil it starts afresh in tiie small intestine under the 
inflaence of the pancreatic juice. When a malt prepara- 
tion is administered after a meal the dose is not properly 
mingled with the food, nor is it muigled at the right time. 
The better plan is to direct the patient to sip his dose of 
malt extract or of malt infusion, as the case may be, 
during the progress of the meal. The object in view is 
to supplement the action of the saliva, and the artificial 
Bubetitute should, like the natural secretion, be mingled 
with the food in t\ie mouth so that it may have due op- 
portunity for the performance of its destined work before 
its energies are checked by the rising tide of the gastric 
acid. Malt extract is taken in doses of one or two 
dessert-spoonfuls diluted with water or milk. Malt infu- 
sion may be taken in similar quantities, and in the same 
way ; or it may be added to the beverage which happens 
to he used with the meal, for it has little taste of its own. 
I may mention that malt extracts, from then- syrup-like 
consistence and flavour, are suitable for spreading on 
bread or toast, or for sweetening any kind of farinaceous 
pudding, gi'ueJ, or porridge. An effectual commingling 
of the ferment with the food is thus ensured. 

2. Preiligestion of Starchy Food by Mult Prepamtions. 
^Some years ago Liebig pointed out with gi-eat force 
the advantage- — or rather the necessity— of predigeating 
the starchy aliments given to young infants, and sug- 
gested a method of preparing a farinaceous ' food for 
infants ' by an ingenious process which was designed to 
completely transform its starchy ingredients into dextrine 
and sugar before the food was administered to the infant. 
This proposal of Liebig's is historically interesting, as the 
first successful attempt to provide human beings with 
not only previously cooked, but also previously 




228 



digested. Liebig's plan and principle is this: grou 
malt and \vbeat-flour are mixed together with e 
quantity of milk and a little water to form a. { 
This mixture is heated over a very slow fire ui 
thickens, which occurs when the temperature approachi 
150° F. At this temperature the starch granules aw 
out and burst, and the starch is gelatinised. At i 
same time the diastase is dissolved out of the malt, 
acts energeticallj' on the gelatinised starch. The ( 
is now diligently stirred for some time without ini 
the heat, until at length, from the .conversion of the" 
starch into sugar, it becomes quite thin and diffluent. 
It is then raised to the boihng point, and when cool is 
ready for use,' This method is easy to the chemist h 
his laboratory, who proceeds thermometer in hand. Ba| 
it is otherwise when the operator is a cook or nurse, : 
the apparatus a. saucepan and an open fire. The 
does not begin to gelatinise until the heat rises abon 
140° F. Below this point the granules remain intact- 
at least, for a long time — and the diastase cannot atta 
them in this state. On the other hand, should the tem 
perature rise much above KJO" F., the diastase j 
destroyed by the heat, and the starch conversion i 
arrested in mid-career. If, therefore, this narrow rang| 
of some 20^^ F. be overpassed on either side, the desin 
result is not fully attained ; and to keep within this 
V range is too much for the rough chemistry of the 



' Liebig also added a few graiiia oF bicarbonate of potash, in orderU 
landei tlie product mure exactly Gquivalent to mother's milk. This is I 
needless complication, and may be regarded as an esample of LielMg^ 
passion for chemical Eymmetry, and hia habit of lacking at phireiologio*' 
questiona too exclusively from a laboratory pnjnt of view. The diasISM ■ 
action goea on perfectly well without the alkali, whose presence il m 
likely to hamper than to assist the farther etages of digestion in 
stomach. 
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kitchen. Thiais the reason why this admirably-conceived 
method has failed to obtain a more £rm footing in the 
sick rooms and nurseries of this country.' 

All the difficultieB, however, disappear if, instead of 
osing the crude malt, we use the standard malt infusion 
of which I have spoken. By this means Liebig's idea 
can he carried out to completion with perfect ease, and 
a much wider apphcation can he given to it than seems 
to have been contemplated by its illustrious author. 
The mode of proceeding with the malt infusion is as 
follows : — A suitable gruel is prepai-ed from wheat, or 
from oatmeal, groats, pearl-barley, arrowroot, or any 
other farina. The gruel may be made with water 
alone, or, as is more usual, with the addition of milk 
or some kind of meat broth. In either case the gruel 
should be well boiled, and strained to separate the 
lumps. When the gruel is cold, or at least sufficiently 
cool to he tolerated in the mouth, the malt infusion is 
added. One tablespoonful {well mixed therewith) is 
sufficient to digest half a pint of gruel. The action is 
very rapid; in a few minutes the gruel becomes thin 
from the conversion of the starch. AVhen this point 
is reached the food is ready for use. The only pre- 
caution to be observed in the proceas is to make sure 
that the gi'uel is at least sufficiently cool to be borne in 
the mouth before the malt infusion is added. It is not 
of the least consequence if the temperature be below this 
point, for the trans formation goes on just as well, though 
not 80 rapidly, when the gruel is cold as when it is warm ; 
whereas too high a temperature endangers the activity 

' Efforts have been made to evade these difficulties in some of the 
' foods for infanta ' sent out bj manutactnrmg druggists, but without 
maeh saccess ; and some of the so-called improved methods are a good 
le than the oiiginul plau. 
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of the ferment, which is rendered inert at 170" F. Tlie 
product of the action of jnalt on starch is not cane- 
Bugai' nor grape-sugar, but maltose,' and maltose haa 
very little sweetening power. This is the reason why 
gruel thus digested suffers little change of taste; ao little, 
indeed, that the addition of it to milk or broth produces 
aearcely any appreciable alteration of tiavour. 

Malt extracts are leas suited than malt infusion for 
the predigestion of farinaceous aliments. Malt extracts 
have a somewhat strong sweetening power, and they 
communicate a dingy brown colour to the food ; whereas 
the malt infusion adds neither adventitious taste nor 
colour. Malt infusion has also an enormous advantage 
in point of price. Malt extracts cost three shillings a 
pound — the infusion can be made for three farthings a 
pound. The trials I have made, in actual practice, of 
food thus predigested have been highly satisfactory. 

Since the above paper was written I have hatl an 
extended experience of the use of malt infusion as an aid 
to the digestion of fax-inaeeous food, and I can speak with 
confidence of its efficiency and agreeableness. Although 
inferior in diastasic power to an active pancreatic extract, 
maJt infusion has the great advantage of not imparting 
to the food any unpleasant flavour ; and its deficiency 
in strength is easily compensated by the use of larger 
doses, which is a facile point with a substance so bland 
and cheap. Malt infusion should be regarded as a 

' AccDidiDg to the ohservationB of Blown and Heron, 100 parts or 
ataroh are triitiafocined by limit infusion, when the reaction hns rettehed 
its nltimate termB, into SO parts of maltose and 20 parts of dextrine. 
{Joum. Ckent. Soc., Sept., 1879.) The products of the tuition of Balivujr . 
and pancreatic diastase on starch are, according to Musoalns a 
Mering, absolately identical 'with those of malt diastase. 
Jahresbericht for 1878, p. 49.) 
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household remedy. Crushed malt can be obtained at any 
provender shop, and the preparation of the infusion may 
be entrusted to the housewife or nurse. In the digestive 
and intestinal troubles of infancy, when milk cannot be 
tolerated, a strong gruel predigested with malt infusion 
mixed with an equal volume of beef-tea or other meat 
decoction, constitutes, as I have often proved, an exceed- 
ingly valuable resource. 
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> ON THE ACID DYSPEPSIA OF HEALTHY PERSONS. 

{Fifth Lectv/re of tkt Owens College Course.) 

ScuMsBi :— General descriplion— Symptoms— The acid residuam — 
Nature and aoorce of the acid— Particular symptoma — Pain— Deprea- 
sioD — Acid eructations and lieartbam — Flatulence — Oastrie cramp 
or paroiyBmal pyroaia — Diagnosis ot aoid dyspepsia — Further inci- 
dents of acid dyspepsia — Treatment— By antacida — By provoking 

The dyspepsia of substantially healthy people may be 
"broadly divided into the atomc form and the iiTitative 
or add form. In the former there is defect of digestive 
power^that is to say, deficiency of gastric juice, and 
deficiency of rauecular Eiction in the stomach. In the 
latter there is an undue secretion or an undue accumu- 
lation of acid in the stomach, especially towards the 
later stages of digestion. The former, or atonic dyspepsia, 
scarcely merits the name of dyspepsia ; it is rather an 
oligojiepBia, or apepaia ; it is a defect rather than a 
disorder of digestion, and is often painless. It generally 
«oiiatitutea a part of some general ailment or debility, 
and is met with in the anamic and in persons of low 
"vitality, with feeble appetite, and slender powers of . 
taking food. 

Acid dyspepsia, on the other hand, is often seen i 
persons of strong constitution and good health, who 
Work hard, are never laid up, and who live as long and 
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are as good lives as their non-iiyspeptic brethren. This ] 
form of dyspepsia is apt to trouble those who 1 
studious or sedentary lives ; but it is by no n 
common among farmers and those who lead an open-air 
life, especially if they belong to gouty families. 

Acid dyspepsia is often, perhaps generally, associated 
with undue sensitiveness of the stomach (gastrodynia) ; 
hence there is frequently a certain commingling of 
symptoms — of symptoms due to mere byperfflsthesia and i 
of symptoms due to disorder of the digestive { 
Neurotic and hysterical individuals, both male and I 
female, are very liable to gastric pains ; although their I 
digestion may be normal, their ' neurotic centre,' if I may I 
be allowed the expression, is in their epigastrium; and i 
their symptoms imitate those of true acid dyspepsia. 
In these cases of ' false dyspepsia,' as they may be I 
termed, there is generally much complaint of flatulent 
distension, with noisy demonstrative eructation of gaa, 
but without any real excess of acid in the stomach. 

The acid dyspepsia of healthy persons consists essen- 
tially in a tendency or predisposition of an enduring | 
character, the tendency being towards a generation » 
aecumula.tion of excess of acid in the later stages of | 
gastric digestion. The tendency is more or less per- 
manent, and lasts with many persons from youth to age. 
It ia rare in boyhood and girlhood, and tends to diminish ] 
in old age. It prevails at its maKimum during the flush 
of manhood, and is distinctly more common among men 
than women. To a certain extent acid dyspepsia may 
be regarded as an ill-directed vigour of digestive action, I 
as is well illustrated by the following incident. A | 
habitual dyapeptie, who regularly suffered fi'om painful 
excess of acid after each meal, on one occasion partook 
of an unusually heavy dinner, which proved too much 
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for his digestive powers. After some hours of discomfort 
the meal was expelled with violent vomiting. This attack 
was followed by marked prostration of the gastric powers. 
During the ensuiag forty-eight hours there was a state 
of oligopepsia, with diminished appetite, but each meal 
was digested with perfect comfort and without the least 
excess of acid. At the end of two days the appetite and 
digestive vigour returned, and with their return came 
also the dolorous incidents of acid dyspepsia. 

With most dyspeptics their trouble is not altogether 

IeontinuouB. They have their good periods and their bad 
periods. During their good periods they may for weeks 
M months go on digesting their meals with the same 
cranfort as their more fortunate brethren. Then again 
for weeks or months their condition is one of almosv 
incessant and severe suffering. It may even become 
serious, and lead to loss of appetite, inability to take a 
due quantity of food, and to consequent emaciation and 
loss of strength. But as a rule the dyspeptic, in spite 
of his torments, maintains his flesh and bodily vigour 
nnimpaired. 

Symptoms. — The subject of acid dyspepsia generally 
takes his food with appetite, sometimes even with 
Toracity. The early periods of digestion are also gene- 
rally easy and comfortable, but after a while there is 
felt a weight and aching at the pit of the stomach, which 
«ften increases to a severe pain. Then succeed a sense 
of fulness and tightness in the epigastrium, repeated 
»nd copious discharge of flatulence, with enictationa of 
«our liquid into the mouth, and tendency to nausea or, 
^snore rarely, actual vomiting. These symptoms eome on 
«iarlier after a light meal than after a heavy meal. After 
Ireakfast the symptoms often appear very speedily — in 
|.-I:t4ilf an hour or an hour— whereas after dinner they are 
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nsually postponed for one, two, or three honrs. In very 1 
sensitive dyspepticB a glass of sherry or a basin of soup J 
will appear to ' tarn sour ' in iifteen or twenty minutes. 

There is generally with dyspeptics of this class an im- 
pression that their digestion is abnormally slow. I doubt .1 
whether this is reaUy so. I think that digestion in these J 
cases is, often at least, hurried, and consequently im-l 
perfect ; and that, after the main act of digestion is over, 1 
there remains in the stomach a large residuum of an ] 
acid mucus, mixed with remnants of food, chiefly eoro- 
posud of fatty matter. This sour mass seoms difficult 1 
to dispose of ; it lingers long in the stomach, and gives 1 
a feeling of unpleasant fulness and distension, which does J 
not really correspond with any actual excess in the bulk J 
of the gastric contents. At length, however, this i 
siduum is got rid of, and the stomach becomes empty J 
and at rest ; the pain and discomfort wear off, and there*.! 
is peace for the dyspeptic until after the next meal ; theaf 
comes a repetition of the same events. 

Not unfrequently the acid residuum is not entirely! 
got rid of when the next meal-time arrives, and hence sour J 
eructations may be experienced immediately on taking j 
the new meal, confusing the symptomatology. In this ] 
ease the sour mucus, for a short space of time, floats o 
the surface of the new meal, and the eructations are con- 
sequently acid to the taste ; but presently it mingles with 
the meal, and the degree of acidity of the total gastric I 
contents ia thereby reduced (hy dilution), and the e 
tations cease to be sour. Hence it is that the ingestion I 
of a meal sometimes relieves the dyspeptic for a while ; I 
and this often happens with an accidental ' fit ' of acid ] 
dyspepsia in persons who are not habitually predisposed 
thereto. They are cured, much to their surprise, by | 
taking a full meal — the fact being that the new meal i 
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gives the surplus acid work to do — and so eada the 
attack. 

The secondary or Bjmpathetie symptoms associated 
with acid dyspepsia are sometimes very puzzling to the in- 
experienced, and apt to lead him astray in rcRard to their 
real nature. There are pains of a neuralgic character 
and abnormal sensations in various parts of the body 
— in the gums, in the head, in the howels, or indeed 
anywhere — cold feet, flushings of the face, lassitude, 
abnormal sleepiness, palpitation of the Jieart, and so 
forth. 

IVic Acid of Acid Dyspepsia : itn Nature attd Source. — 

Being myself subject to occasional periods of acid dys- 

pepBia, in typical form, I have had several opportunities 

of examining the soui' residuum which aeeumulatea in 

the stomach toward the later stages of digestion. "When 

this is thi'own on a filter a perfectly clear pellucid acid 

liqnor comes through, not containing any trace of 

Organisms. The degree of acidity was found to vary 

tliroagh a considerable range. The results of analysis 

on six several occasions gave the following degrees of 

acidity, expressed in terms of dry hydrochloric acid 

<:hci) :- 

0'15 per cant. HCl 0'30 pev cent. HCl 

0-26 per cent. HCl al per cent. HCl 

0'2S per cent. HCl 0'3t) per cent. HCl 

These numbers indicate a considerable excess in 
^.«gree of acidity of the gastric contents.' Piu-e gastric 
j"«uee (human) is estimated to have an acidity of 0-2 

' Beiehmana louad in cases of acid dyspepsia BtOl higher degrecB of 
•m iT'(lilj than those recorded above ; tiamel; (iM per cent, and OAB per 
cent HCl. On the other hand, Dr. MoNauttht found lower degrees— 
rsngine from 0'09 per cent, to 0-9 pec cent. HCL- Mrdical Chnmiclt. 
ToL t. pp. 420 and 330. 
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per cent. HCl, but this ia eonsiderably higher than the 
actual aci'Iity of the contents of the Btoraach durinf; 
normal digestion. According to the observations of 
Richet on a young man with gastric fistula (made arti- 
ficially for the relief of impassable stricture of the 
(esophagus), the mean acidity of the gastric content^ 
during the entire period of digestion was 0-17 iier cent 
HCl. But the variations were very great, and oscillate 
between 0-07 per cent. HCl on the one aide and ( 
per cent. HCl on the other.' 

The nature of the acid in the sour residuum is ndQ 
always the same. It seems to be a variable mixture 
hydrochloric and diverse organic acids in varying propotJ 
tions. The kind and proportion of the organic acicb 
must depend mainly on the composition of the precedi 
meal. Lactic and butyric acids are probably the orgs 
acids moat commonly present. The latter ia certsi 
often present, and can be recognised by its peculiar acri 
smell and taste. The discrimination of the orgai 
acids from hydrochloric acid, when both are 
together in a solution containing proteid compounds, ii 
very diEBcult ; and the teats in vogue (shaking up witl 
ether, tropreolin, and methyl-violet) are by no mealed 
trustworthy. As this point ia of interest and undei 
inquiry, I may relate how I convinced myself that 1 
acid of the sour residuum of acid dyspepsia was not (in 
the sample exammed) unmixed hydrochloric acid. 
the course of my inquiries I had occasion to investigatd 
the efEects of acids on diaatasic action ; and I found that 
orga.nic acids had considerably less inhibitory power o 
starch digestion than mineral acids of the same sato- 
rating equivalence. Now, on comparing the inhihitorj 
efifect of pure dilute hydrochloric acid with that of thfll 
' Kiohet, Dm Sue Gaatriqut. Paris, 1978. 
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aeid contained in the sour reBiduum, it was found that 
for the same saturating equivalents hydrochloric acid 
had more than double the inhibitory power of the acid 
of the sour residuum. 

The sourer of the acid in acid dyspepsia has been 
much debated. I have long since come to the conclusion 
that it is exclusively derived from excessive secretion or 
accumulation of gastric juice, and not from any fer- 
mentive process. The sort of windy turmoil which goes 
on in the stomach of the dyspeptic has led observers too 
hastily to the analogy of vinous fermentation. A more 
precise examination of the incidents of acid dyspepsia 
lends no support to this view. 

Fermentive processes, whether toraloid or bacterial, 
cannot, I think, take place in the stomachs of healthy 
persons to an extent sufficient to have a practical bearing ; 
they can only take place to this extent in cases of pyloric 
obstruction or of chronic dilatation, when the food is 
detained in the viscus for a very long time— for twenty- 
four or forty-eight hours, or longer. 

Fermentive changes are altogether too slow to ac- 
count for the rapid development of acidity and flatulence 
in cases of acid dyspepsia. The two following experi- 
ments show how very gradual is the development of aeid 
in bacterial fermentation : — 

(a) Two ounces of the sour eructation from a typical 
case of acid dyspepsia were carefully neutralised with 
caustic soda, and then set aside in the warm chamber 
at blood-heat. After four hours only the feeblest acidity 
— amounting to O'OIS per cent. HCI — was developed. 
Bacteria were found under the microscope in scanty 
numbers, evidently only beginning to swarm. 

(6) Two fluid drachms (7 cubic centimeters) of the 
same sour eructation were mixed with twelve ounces (340 
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cubic centimeters) of warm bread and milk. The wbolftj 
mixture was now faintly acid=0'012 per cent. HCl. In 
two hours the acidity had not appreciably altered. In 
five hours the acidity had increased to 0-015 per cent. 
HCl, and at the end of twenty-four hours (during the 
whole of which period the mixture had been maintained 
at blood-heat) the acidity had only risen to 0"035 per 
cent. HCl. In neither case was there any appreciable 
production of gas. The presence of organic acida in the 
acid residuum ia easily accounted for without calling in 
aid the agency of fermentation. For, as has been ex- 
plained in a previous lecture, salts of the organic acids, 
present in the articles of food, are decomposed by the 
hydrochloric acid of the gastric juice— chlorides of the 
bases are formed, and the organic acids are set free (see 
ante, p. 145). In this way the occurrence of lactic, 
butyricj tartaric, malic, and other organic acids in the 
sour residuum is easily and naturally accounted for. 

Particular Symptoms. — The most common and cha- 
racteristic symptoms of acid dyspepsia are pain, depret- 
MofifOcid eructations and hearthtirn, flatulence, and gasti'ie 
cramp or paroxysmal pyrosis. To each of these symptoms 
I propose to devote a few words. 

J'ain.- — The doloroussensationsabout the epigastrium, 
which often extsnd upward to the lower Hternal regions, 
are essentially due to the irritating action of the acrid 
and acid residuum on the mucous membrane of the 
stomach. This is the main and true explanation of the 
pain. But in the subjects of acid dyspepsia, especially 
during their bad periods, the stomach is imusually sen- 
sitive ; and a residuum which would not be felt during 
their better periods, nor in non -dyspeptics, causes acute 
sensations. The severity of the pains (apart from -vary- 
ing sensitiveness of the stomach) depends (a) on the 
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degree of acidity ; the sourer the residuum is, the greater 
is the Bmarting caused by it ; (b) on the proportion of 
batyric acid contained therein ; for butyric acid ia much 
more acrid than so much lactic or hydrochloric acid ; 
(c) on the quantity or volume of the residuum. If the 
quantity be small — only one or two ounces — there may 
be no pain though the acidity be high ; on the other 
hand, if the residuum be large it may cause pain though 
its acidity he not excessive ; because the extent of 
mucous surface brought into contact with the irritating 
fluid affects the degree of sensation produced. Juat as 
with the impression of hot water on the skin, the 
dolorous sensation varies proportionately to the extent 
of surface exposed ; the finger can easily tolerate immer- 
sion in water at a degree of heat which would be quite 
unbearable to the whole arm. 

During the bad periods the pain and aching at the 
epigastrium linger after the stomach is empty, so that 
_the discomfort is almost continuous. 

Depression. — There is often a pronounced sense of 
depression. In neurotic individuals this is spoken of in 
exa^erated language. It is described as a horrid tor- 
ttient ; they say that their life is made miserable, and 
not worth living. This constitutes what has been known 
of old as hypochondria. The pain and physical discom- 
fort in the epigastrium appear to me quite sufficient 
"to account for this depression, without invoking the aid 
of any poisonous alkaloid, formed during the digestive 
piocess. There is a peculiar bitter principle, produced 
dxnring both the gastric and pancreatic digestion of 
proteids ; ' hut this is a normal product, and there is not 
the least evidence that it possesses poisonous properties. 






caLed attention to the production of this bitter priaciple 
JiMtiires (see ante, p. 135). 
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HEABTBURN 

Acid ETJictations and Hearthwn. — These are usaallj^' 
prominent, Bymptoms of acid dyspepsia, but are not' 
invariably present. There is a regurgitation into the 
mouth of sour liquid from the etomach with discharge 
of flatulence. Tiie savour of the eructation may be 
simple sourness, hke that of lactic or hydrochloric acids, 
but often it has a burning, acrid ijuality — this occurs 
when butyric acid is contained in the residuum. Butyric 
acid is volatile, and rises in acrid fumes, which affect the 
eardia and (esophageal orifice of the stomach and cause 
a persistent feeling of heat and horrification, with a 
nauseating tendency. This constitutes true heartburn* 
The occurrence of heartbiirn with the presence of bntjrio 
acid requires no intervention of but_yric fermentation ta 
explain it. Milk, butter, cheese, and other fatty food, alL 
contain more or less butyric acid, either free or in com- 
bination. The but>Tates are decomposed (as previous!; 
explained) by the hydrochloric acid of the gastric juii 
and butyric acid is liberated in the free state. But hoi 
therefore, it may be asked, is not heartburn a more coi 
stant incident of acid dyspepsia ? The reason probabL j 
is, that to produce a sensible quantity of butyric acid t\rm.e 
butyrates must be present in the meal in consideral> te 
amount, as in rancid butter and other rancid fats oft^n 
used in cooking, and secondly that the acid in excess 
must be hydrochloric acid, and not merely lactic or otber 
organic acid — otherwise the butyrates are not decom- 
posed^and the proportion of mineral to organic acid ia 
the sour residuum varies a good deal. 

Flatulence. — This ia an invariable accompaniment of 
acid dyspepsia. The accumulation of gas in the Btomach 
causes a sense of ftilness and distension and an impor- 
tunate desire to get rid of the accumulation by upward dis- 
charge. This importunity is intensified by the hypersepa- 
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Uveiiess of the stomach, which ia impatieat of an amount 
of gas which would not incommode it, nor require upward 
discharge, but would Im otherwise disposed of, perhaps 
through the pylorus, if the stomach were less sensitive. 
The occurrence of butyric acid also aggravates the 
gastric discomfort. The vapour of this acid, when it is 
largely present in the residuum, must be always rising 
into acrid fumes in the warm atmosphere of the stomach. 
But apart from hypersensitiveness of the organ, and apart 
from the vapour of butyric acid, there is undoubtedly 
an abnormal generation or accumulation of gas in the 
Btomach in acid dyspepsia. What is its source ? The 
fermentation theory, as already explained, is wholly in- 
adequate to account for it, and we are driven to other 
modes of explanation. My impression is that the ae- 
camulation of gas in acid dyspepsia may be traced to 
three sources. (a) Sw(dlowed aii-. There is a large 
amount of air entangled and swallowed during the de- 
iglutition both of food and of saUva. The air engulfed 
"with food is not larger in acid dyspepsia than in non- 
dyspeptics, but in regard to that swallowed with sahva 
there is a difference. During the existence of excess of 
acid in the stomach there is a certain amount of un- 
conscious salivation going on, and a larger amount of 
air ia thereby carried down than in the normal state. 
(6) IJhemtiim of carbonic acid in thu slomucli. The saliva 
secreted during the period of surplus acid in the stomach 
is much more alkaline (from carbonate of soda) than 
when the contents of the stomach are neutral or only 
moderately acid. I have found this to be constantly the 
case ; sometimes the alkalescence of the sahva is so high 
as to occasion visible effervescence on the addition of 
an acid. ^Vhen the stomach is empty and neutral the 
' Baliva then secreted barely tarns the colour of litmaa 



paper, Init when the organ contains excess of acid I have 
found the alkalescence of the saliva equal to 0-04 per 
cent. HCl. ^Vlien this alkaline saliva, secreted in im- 
UBual profusion, descends into the stomach, it encounters 
the acid residaum, and is neutralised thereby with libera- 
tion of a certain amount of carbonic acid. I shall return 
to this point when I come to the treatment of acid 
dyspepsia, (c) Eei/nnjitation of carbonic arid from llir 
diKxh'iiinii. This is a third probable source of gas in the 
dyspeptic. "When the chyme passes through the pyloruB 
it encounters the eecretions of the liver and pancreas, 
both of which are alkaline from carbonate of soda. The 
collision must liberate carbonic acid. We may regard it 
as probable that when the contents of the stomach are 
Buper-aeid the biliary and pancreatic secretions are, as 
in the case of the saliva, super-alkalino, and that conae- 
quently a larger disengagement of carbonic acid occurs 
in the duodenum under such conditions than in tranquil 
digestion. The gas thus generated would unduly distend 
the duodenum, and would probably push its way partly 
upwards through the pylorus into the stomach, and partly 
downwards into the jejunum. 

It has been suggested, as a partial source of gaa in 
acid dyspepsia, that carbonic acid is exhaled from the 
blood through the mucous membrane of the stomach (aa 
in the process of respiration through the pulmonary 
membranes), but I do not see why this should occur ina 
larger degree in dyspeptics than in other healthy persons. 
I can, however, easily believe that in regurgitant heart 
disease and in general emphysema, when there is severe 
venous stasis in the stomach, and a cyanotic state of 
the blood, such exhalation of carbonic acid through the 
gastric mucous membrane may take place, and that this 
accounts for the distressing flatulent distension which ie 



so common in these affections. But in acid i 

the blood is not surcharged withcarbonic acid, and there 

is no venous BtaBia in the stomach. 

Gustiic Cramp or Paroxysmal Pi/ros is.— The eourae of 
acid (.lyspepsia is sometimes diversified by the occurrence 
of a very peeuHar and characteristic symptom, which, 
though brief in duration, is very distressing, and even 
alarming to the miinitiated. This sj-mptom consists iji 
a, paroxysm, of which the chief features are sudden 
cramp of the stomach with sudden profuse salivation. 
The attack only lasts half a minute or a minute, but to 
the sufferer the time appears long. I would suggest that 
the word pyrosis be confined to these essentially paroxys- 
mal attacks. Writersondyspepsiaeshibit confusion in the 
use of the term pyrosis, and give it a mixed description, 
"which includes partly these paroxysms and partly the 
ordinary symptoms of acid dyspepsia and heartburn. 
The gush of saliva into the mouth ia often misunder- 
stood, and is described as a regurgitation from the 
stomach or from the lower part of the cesophagus. 

Paroxysmal pyrosis is essentially an abortive and 
incomplete act of vomiting. Complete vomiting consists 
of the following succession of events: — Gastric spasm, 
profuse sahvation, convulsive spasm of the abdominal 
muscles, sudden downward thrust of the diaphragm, 
closm'e of the glottis, opening of the cardia, and finally 
ejection of the contents of the stomach. The abortive act 
nhich constitutes a paroxysm of pyrosis falls short of the 
complete act in thcabsenceofthcdownward thrust of the 
diaphragm, and of the opening of the cardia ; moreover, 
the contraction of the abdominal muscles is either absent 
altogether or is cramp-like rather than convulsive ; the 
voice is reduced to a whisper, but is not altogether sup- 
fgeBsed, BO that the cloenre of the glottis is not absolute^^ 



and there is no ejection of the contents of the stomach. 
Occaaionally, however — but this is quite exceptional — the 
paroxysm does culminate in actual vomiting. The senss 
of nansea is imperfectly developed in these attacks. The 
gash of sahva is something tremendous — often greater 
than incessant swallowing efforts can dispose of — ^and the 
surplus flows out abundantly from the mouth. Some 
persons are not conscious of swallowing any of it, and 
believe that they let it all flow out at the mouth. A 
paroxysm of this kind only occurs during the presence 
of sui-plus acid in the stomach, and on its conclusion 
there is a sensible relief (for a time) to the previously 
existing epigastric pain and other symptoms of acid 
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I have had several opportunities of examining the 
fluid that gushes into the mouth in paroxysmal pyrosis, 
both in my own case and in that of patients. It in^ 
variably possesses the character of true sahva, differing 
only in its unusual degree of alkalescence. I will give 
two examples. The first is from my own person. During 
a typical attack of gastric cramp I succeeded in collecting 
some of the fluid which flowed in an abundant stream 
into the mouth. Its alkaUnity was equal to 0-125 per 
cent. HCl ; it effervesced distinctly with acid. In dia- 
stasic power it was more active than average healthy 
sahva — ^in the proportion of 12 to 8, The second 
ample was from a patient who was subject to recurrent 
and severe attacks of paroxysmal pyrosis. On closely 
questioning this patient he insisted that the fluid which 
came into, and flowed out of, his mouth during the 
paroxysms came from the stomach. He was quite sure 
that it was not a rush of fluid into the mouth from the 
sides of the mouth itself. I requested him to send me 
1 the next occasion some of the ejected fluid in a bottle. 
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He did so. I found it, aa I had expected, to possess all 
the properties of true saliva, with excess of alkali. Its 
alkalinity was equal to 0'15 per cent. HCl, which cor- 
responds very closely with the grade of acidity of the 
gastric contents during tranquil digestion. Its diastasie 
activity was fully equal to that of fresh normal saliva, 
as tested by standard starch mucilage in the manner 
previously described {see p. 114). 

I cannot therefore doubt that the gush of fluid in par- 
oxysmal pyrosis is purely and exclusively a gush of saliva. 

The relief which commonly follows a paroxysm in 
cbviously due to the large quantity of alkali introduced 
into tbe stomach with the gulped saliva. 

The paroxysms of pyrosis occur quite irregularly — 
rarely more than once in one day, more generally once 
in two or three days, sometimes only once a week, or 
once a month, or even once a year. Some dyspeptics 
never experience these paroxysms. They occur exclu- 
sively during the presence of excess of acid in the 
stomach, but they are not infrequently provoked by an 
impression of cold, or a chill. 

Diagnosh of Acid Dyspepsia. — The diagnosis of acid 
dyspepsia is in principle perfectly simple. If the dolorous 
sensations at the epigastrium are relieved by a dose of 
carbonate of soda, or any other alkali, the case is one 
of acid dyspepsia. Such a dose, as habitual dyspeptics 
know well, infaUibty gives relief. The relief may not 
be quite complete, but it ia always marked and speedy. 
If no such relief is given the case is certainly not 
simply one of acid dyspepsia. In neurotic and hyste- 
rical individuals the diagnosis is not always so easy, 
because such persons give a confused, often discrepant, 
account of their sensations, and are poor subjects for 
tliis kind of crucial experiment. 
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When the dyspeptic taiea a dose of soda early after 
a meal the relief is only temporary, and does not serve 
until the next post-cibai emergency ; but if he takes his 
dose later on the relief lasts until after the next meal, and 
the subsequent eructations are perceived to have loBt 
their sour and acrid taete. 

Further Innilents nf Arid Di/spepsiu .Siigtit meals 
are sometimes more provocative of acidity than full ones. 
A meal taken at an unusual hour, or a full meal eaten at 
an hour when usually a hght meal is taken, is also very 
apt to provoke acidity. Surplus acidity is provoked by -^ 
anything that renders the meal more difficult of digestion, .^ ., 
such as imperfect mastication or hurried eating. As a ~M3e. 
rale, careful ' dieting ' is of no avail, or only of partiaL*'.^ 
avail, in acid dyspepsia. Constipation of the bowels dis — .^- 
tinctly intensifies the symptoms. Almost all habituair_^B[ 
dyspeptics have their special Isedantia and juvantia, aD£» .^d 
to none is the old proverb more applicable that ' on^ _«-ie 
man's meat is another man's poison.' Some canno<;i»ot 
take sugar, others can take it freely ; the same with egg^*-^B, 
with soup, with various wines and heer, with tea, coffee -^se, 
some kinds of meat, witli potatoes, and so forth. Fatt^-fy 
matters disagree very generally. The dyspeptic stomac^^^i 
is peculiarly capricious and peremptory, and, as a ruL^ e, 
there is very little use in axguing with it in regard to £_"fej 
likings and dialikings. 

The appetite is usually good ; dyspeptics often enjoy 
their meals and 'could eat more ' were it not for fear of 
the consequences. Sometimes the appetite is voracious; 
sometimes, on the contrary, the appetite is weak or 
capricious. 

Treatment. — The treatment of cases of habitual acid 
dyspepsia divides itself into— (a)means which are directed 
to obtain relief from present discomfort ; and (h) means 
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which aim at curing the diaorder, or at least at shorten- 
ing the bad periods. The bias or tendency is, aa T have 
hefore remarked, more or less enduring ; but if you can 
ciit short the bad periods, this ia nearly aa good as 
complete cure, because the ailment can thereby he con- 
trolled and, practically, nullified. 

(a) Tiratiiieut by Antaddn. — For immediate relief 
there is nothing better than a dose of carbonate of soda. 
Five or ten graina of bicarbonate of soda diaaolved in 
water almost at once allay the suffering by saturating the 
gastric acid. A copious upward diacharge of carbonic 
acid follows snch a dose. Other alkaline subatancea are 
equally effective- — magnesia, chalk, or carbonate of 
potash. But by far the moat advantageoua mode of 
administering antacids in these cases is in the guise of 
the lozenge. A lozenge properly used should be deliber- 
ately aucked, and not roughly chewed and swallowed. 
The process of sucking induces a plentifol flow of alka- 
line saliva, and the presence in the stomach of this bland 
demulcent secretion is aoothing to the angry mucona 
membrane. The compilers of the British Pharmacopada 
have provided us with two, and only two, antacid 
lozenges — namely, the tmch. sod. hicarh. and the troch. 
Iiismuthi. The former contains 5 grains of bicarbonate 
of soda in each lozenge. It is an effective antacid, but 
it is not a favourable example of pharmaceutical art. It 
has a peculiar nasty, soapy taste, which makes the suck- 
ing of it a penance ; and this, I presume, is the reason 
why it has not become popular with dyspeptics. The 
bismuth lozenge is in every way a better article. It owes 
its antacid properties to 8^ grains of chalk and 2^ grains 
of carbonate of magnesia. These quantities are, in 
saturating power, equal to 10 graina of bicarbonate of 
This is a full antacid dose, and the chalk and 
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a anicfes, tliere are laxgdy eoH in 
iwiilj if l nwii jii iii i wbA tifalets for the nse of 
SOM Am Ikne enuned fiil£I the condi- 
tioBB «f a fuluul airtnt iitiuec . The compressed 
liliiftii rf iBifciwIii rf iiiih and tlie soda-mint t&blets, 
attM^ Jwtiw ai iHlaeiis, are bo unpalatable that 
i1m7 'I1iim< he f wp m^y iiTii i1 -without disgast, and, 
Ja/ietA, tbom «ho «k Omb gBKT&Uy swallow them whole 
IB haste — and tli«s ■ns Ae ocmrurreDt dow of saliva, 
whieh is distiix4]tjr Im^M to dyspeptiee. Some of the 
antacid losoigm nld in the shops are l^avoured mtlK 
pungent spoeB toooooeal the taste of the soda. All bu<' 

' Thia wfB i a a it haa bno ouiiMl out b,T several muiafBcturiiif^ 
druitsixU. Borne hm\t tMei 1 grain of sodiaoi chloride to escU 
lOMilije; lliia addition plouuitl; shwpeca its llaToar. but hu tba 
4iM«dTutji«e ot rendering tbe lozenge hvgrometnc in verj damp 
WMlber. 
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adjuncts are obviously a mistake. Pungent spices have 
a strong tendency to provoke acidity in the stomach ; 
and, moreover, any pronounced flavour is objectionable 
in an article which is used frequently. The alkaline salts 
©f the Vichy springs have been made into very agreeable 
lozenges, which are sold in this country in sealed boxes. 
They owe their antacid properties chiefly tocarbonateof 
fioda, but partly also to carbonate of potash and to the 
carbonates of lime and magnesia. They contain besides 
tj, small quantity of sodium chloride, which pleasantly 
sharpens their flavour. These lozenges have a compara- 
tively feeble saturating power, but owing to then full 
sapid qualities, they provoke an abundant flow of alka- 
line sahva, and this renders them effective for the relief 
of gastric acidity. Were it not lor their costliness, I 
believe these Viehy lozenges would soon get into favour 
with dyspeptics. 

^ to the comparative merits of the several antacids 
employed m acid dyspepsia, there is, ^lerhaps, ou the 
whole not much to choose. Certain differences may, 
however, be noted. The alkaline bicarbonates have a 
nauseous taste, and if taken in excess they leave an alka- 
line residuum in the stomach. This is at least abnormal, 
and perhaps embarrassing, in an organ which requires 
the presence of an acid to perform its functions. The 
earthy carbonates, on the other hand, are tasteless, and, 
owing to their insolubility, they cannot, when taken in 
excees, cause the neutral hne to be over-passed. Perhaps 
ihe most advantageous course would be to vary and 
change the antacid fi'om time to time. 

The question may now be put^Is there any harm in 
the practice of habitually using antacids for the relief of 
acid dyspepsia? Do dyspeptics purchase present ease 
at the cost of some future detriment ? My attention has 
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been directed to this point for some years. I have 
natnraily, regarded a practice so artificial with con-J 
siderable misgivings. But the more extended my experi« 
enee has become the more I have been satisfied that, with- 
due precautions, the practice is harmless — and I know 
of no valid evidence from any other quarter to justify 
a. contrary conclusion. My own experience has been 
mostly gained from the use of the bismuth lozenge^ 
which I have largely preseribed for a considerable length' 
of time. I have, however, invariably enjoined the follow- 
ing strict rules in regard to their use ;— They were not 
to be used at or near meal times — not sooner than thi'ee- 
quarters of an hour or an hour after breakfast, not 
sooner than an hour or an hour and a half after dinner ; 
they were not to be used regularly and systematically, 
but only as the occasion arose— that is to say, whfflz. 
gastric pain was distinctly present, and was producing 
more discomfort than a man could be reasonably ex 
pected to bear who had the easy means of relief ready t 
his hands ; lastly, the use of the lozenges was to be dia— ^ 
continued if their employment did not cut short the pain — 
This last injunction leads up to the remark that an 
antacid dose is sometimes a useful means of diagnosis u 
cases of gastralgia. It is often impossible to decide froi 
a patient's statements what may be the real nature c 
the pains complained of. In such a case, if an eEfectivN 
antacid does fail to give relief, it is sure evidence that the 
pains are not due to gastric acidity. 

A useful notion of the relative antacid potency of the\ 
several articles in common use as gastric antacids (u j 
sold in the shops) may be obtained from an inspection of m 
the following table. Ten grains of bicarbonate of sodla 
are taken as a standard antacid dose ; and the quantitit 
given of the other articles correspond in saturating valw 
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to this standard dose. The results were obtained by 
direct alkalimetrical determinations, and are here shown 
in round numbers : — 
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Table of Anlacid Eqmmli:'its. 
10 bruins sad. bicarb. = 12 trains pot. blc:s,rb. 
„ „ „ = 6 „ creta pieoipit. 

„ ., .. - <i „ carb. magnesia. 

„ „ „ ^ 3 „ light calcined magD^aia 

„ „ „ — 6 flaid ounces lime water. 

„ „ „ — 2 flaid drachma liq. potassie. 

„ ., „ = 1 bismuth lozenge B.F. 

= 2| Wyeth's GOda-mrat tablets. 
„ , „ = 5 Yiohj lozenges. 



Treatment by proroking Salicution, — The use of 

^intacids, although adequate for immediate relief, has not 

^mnch permanently beneficial efi'ect in eases of habitual 

%icid dyspepsia. The symptoms are apt to return with 

Tmabated severity after the next meal. It seemed, 

"therefore, desirable to find some more curative method 

ihan that of exhibiting endlessly recurrent doses of 

alkaline substances. Haviug found that during the 

prevalence of surplus acid in the stomach there coincided 

an increased flow of saliva, and that this saliva possessed 

an unusual degree of alkalescence, I was led to the idea 

that the saliva was the natural antacid of the stomach. 

On several occasions 1 was able to measure synchronously 

the alkalinity of the saliva and the acidity of the stomach ; 

and I found that the proportion between them was such 

_tliat sis to eight volumes of the saliva would saturate 

one volume of the gastric acid. There does not, at first 

Bight, appear to be much prospect of relief from this 

small proportion of salivary alkali. Nevertheless, when 

it is considered that complete saturation of the gastric 

acid is by no means necessary to procure relief, and 

that all that is required is that the acidity shoidd be so 

' reduced as to bring it within the limits of the normal 
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Eieidity in tranquil digestion, the prospect looks muc) 
more promising. If the acidity in the stomach coul 
be reduced one-fourth or one-third, these normal limit 
would be usually attained. And I think it highly pro* 
bahlo that, in the usual course of events in acid dyspepsia 
the descending stream of alkaline saliva does fulfil i 
important purpose. When the stomach contains an ei 
cessive quantity of sour residuum we may suppose t 
the pylorus is closed against its passage into tj 
duodenum. This may be regarded in the light of a co 
servative act, and designed to prevent disturbance of ti 
alkaline digestion in the duodenum by an overwhelmin 
influx of acid from the stomach. But by the steady, con 
tinuous downward flow of alkaline saliva the exceBsiv 
acidity in the stomach ia gradually lessened, and 
length brought down to the normal grade, and then tb 
refractory pylorus opens, and the stomach is relieved. 

This train of ideas led me further to the notion tha 
if the flow of this alkaline sahva could be increased 
effective relief might thereby be given in acid dyspepsifi 
and that by acting in this way we should be operatinj 
more closely after nature's indications than by givinj 
alkalies of extraneous source. We should be making tb 
blood itself the source of the alkali, instead of taking 
it from the shop. And on trial I found the results con- 
formable with the theory. Anything that increased tha 
flow of saliva was found to abate the pangs of acid dya» 
pepsia. Lozenges of all sorts promote a flow of saliva^, 
but especially lozenges which contain a stimulating in 
gredient Hke ginger or cayenne. A very sensible relief ll 
given to the dyspeptic by the use of these lozenges ; an( 
this is probably the secret of the habit of some eountrj 
dames, who carry in their capacious pockets a root o 
ginger, to which they apply when the stomach achei 
A Btep further led me to the use of simple gum-lozenges 
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The sucking or chewing of any kind of lozenge will pro- 
mote salivation ; the turning round with the tongue, and 
the njastication of the httle morse), sets the salivary 
glands to work. Lumpy ' tears ' of gum arabic, such as 
may be picked out from the druggist's stock, do not make 
bad lozenges for this purpose. The ' glycerine jujubes ' 
of the shops likewise consist of nearly pure gum, and 
these are somewhat more palatable than the gum tears, 
and answer eijually well, or better, as provokers ofd 
salivation. The sugar contained in them is, however.T 
objectionable to some stomachs. I think a lozenge com- 
posed of gum, mth the addition of a httle pyrethrum, 1 
might be a valuable addition to the resources of the J 
dyspeptic. 

By the use of lozenges, and especially of gum ^ 
lozenges, I have obtained in the treatment of acid dya- ■ 
pepsia distinctly more curative results than by the use 1 
of alkalies. The advent of the bland gummy solution I 
in the stomach probably acts topically as a sooth 
application to the irritated mucous membrane, allays its .J 
abnormal sensitiveness, and thereby disposes it to a 1 
more normal performance of its functions in dealing! 
with the succeeding meal. If the surplus acid is great, j 
and the torment severe, a dose of alkah must be ad- 
ministered ; but the milder means here suggested will J 
give adequate relief in many instances, and will greatlyl 
promote the abbreviation of the bad periods. 

With regard to the regulation of the diet of the! 
dyspeptic, the removal of habitual constipation, the due 1 
mastication of the food, the avoidance of hurried eating, T 
the use of exercise in the open air, and the adoption of ■ 
other hygienic precautions, I have nothing to add to the 
rules laid down on these matters in your manuals and 
in special treatises on dyspepsia. 
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A MKMOIiANDUM ON TEE GENERAL FEATURES 
AND THE MEDICAL ASPECTS OF THE OPIUM 
HABIT IN INDIA. 

The following 'Memorandum,' was prepared by the 
aiitlior when serving as a viember of the Boyal Gominisiion on 
Opium, and is printed in the Blue-book as an ' Annexure ' to 
the Official Report of tlie Commission — issued in 1895.' 

It is republished with the permission of the Controller of 
H.M. Stationery Office, 

It seemed advisable for several reasons that the large 
mass of new and interesting information, gathered by 
' The Ro]-al CommiBsion on Opium waa appointed in 1893. It con. 
nittted of :— Lord Brassej' (chaii'maii), Sir Jomee 6. Lyalt, the Uaharuja 
of Darbhanga, Mr. Haridaa Veharidas, Mr. Henr; J. Wilson, M.P., Sir 
William Boberta, M.D., Mr. B. G. C. Mowbray. M,P., Mr. A. U.Fanahawo, 
and Mr. Arthur Peaae, M.P. The Commiaaion was inBtruotod to raport 
on certain quoetions relating to the production and aule of opium in 
iDilia^and also on ' The consumption of opium hj the different races and 
in the difiecent districta in India, and the effect of such conauniption on 
the moral and physical condition of the people.' It wa8 eapeeiallj in 
response to this pai-ticular clause of tbe order of reference that tlip 
present Memorandum was drawn np. The Commission, after holdinR 
several sittings for the examination of witnesses in London, proceeded 
to India, where the; spent nearl; four months ol the cool auason lH()R-4 
collecting evidence in different porta of that country, visitin« In Hueoai- 
sion Caloutta, Patna, Benares, Lucknow, Umbaln, Lahore, Dellil, Afirft. 
Jeypore, Ajmeer, Indore, Ahmedabad, and Uomhay. A Rection of thn 
CummiesioD (iDcluding myself) visited Burma, and held sittings aI 
Banifoon and Maodalay. The materials used in the preparation of thin 
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the Opium CommisBion during their tour in India, on 
the general features and the medical aspects of the opium 
habit m that country, should he analysed and digested 
somewhat more fully than was possible to do in the body 
of their official Report. This task naturally fell to my 
share, as the only medical member of the Commission. 

The matters requiring examination are considered 
under the following headings : — (1.) The non-medical 
use of opium, or the opium habit proper, (2.) Opium 
as a household remedy. (3.) Opium as a prophylactic 
against malaria. (4.) The custom of giving opium to 
infants. (5.) The use of opium on occasions of cere- 
mony. (6.) Opium smoking in India. 

The consumption by all human communities, except 
the most primitive, of one or more articles of a 
stimulating and restorative c}iai-aeter — such as alcohol, 
tobacco, opium, tea, coffee, cocoa, Indian hemp, betel, 
and others — constitutes a remartahle feature in the 
natural history of man, A practice so widespread and 
general must correspond to some profound instinct of 
human nature. These articles do not possess, in their 
essence, nutritive properties, and they are not classed as 
true articles of food, though some of them are largely 
used with the daily meals. Numerous individuals, and 
even considerable classes, forego then- use, either wholly 
MemoraDdura were near); all drawn trom the Minutes of Evidence and 
the papers and documents consigned to the CoromisaioD^all ot which 
are printed with the OfKciol Report of the Commiasion, forming seven 
volumes of Blue-booX. Where other material has been used, ils BOuroe 
is indicated in foot-notes. 1 may add that complete copies of the 
Beport of the Opium Commission, together with (he volumiiioUB Uinntn 
of Evidence and the papers and documents referred to, have been 
deposited in the libraries of the following institutions :— The Koj»l 
College of Pbjsiaians, London ; The Boyal College of Surgeons of Eng- 
land; The Bojal Medical and Chirurgical Society, London ; and ths« 
Owens College, Manchester. 
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or iu part. Theae aubstances cannot, therefore, be 
regarded as neeessaries of man's animal life. And the 
inference would seem to be that their use is eonneeted 
in some subtle way with the play of those fatuities and 
feelings which are peculiar to man as a social and self- 
conscious creature. 

Whatever collateral use, dietetic or other, the sub- 
stances in question may have, it ie certain that the 
essential purpose for which they are taken is to modify, 
in a favourable ' aenae, the action of the nervous system. 
And although this modification varies, both in kind and 
degree, with each particular article, it is nevertheless 
true that all of them, when legitimately used, produce a 
certain community of effect on the user. This common 
effect, in its broadest and most general experience, may 
be described as an enhanced sense of well-being, or 
' euphoria.' On the ground of this common action these 
substances may be conveniently united together into one 
natural group of (non- nutrient) physiological agents, 
and designated ' euphoric ' agenta.'^ 

(1.) The Opium Habit in India. 

Opium was first introduced into the East, no doubt, 
as a medicine ; and its use as a stimulant and restorative 
' That is, ' favonntble ' as judged by the sensations of the user. 
' The words enphoria and eaphorio are not new. Euphoria ia an 
old medical terra, signifying ' feeling perfectly well and able to bear 
pain and umetjr easily.' These words are again creeping into use 
both here and on the Continent. LevinEtein employs the word euphoria 
ID his work on the morphia habit (Morpkmmsucht, p. G). and the adjec- 
tive euphoric (euphorische Wirkung)ia uBedbyErlentneyer in his treatise 
On the opioro habit {Opitunsuchl «. ihre Behandlmig, 3rd ed. p. 11). 
Borne Buch words are much wanted. Their adoption would save cir- 
cnnUocution, and give greater precision to language in speaking of the 
t»riroarj and common effect of alcohol, opium, tobacco, lea and coffee. 
". their congeners. 
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was engrafted upon and grew out of the medicinal use. 
And it is still probably true, as regards India, that the 
larger part of the opium consumed in that country is used 
for the mitigation of suffering and the prevention and cure 
of disease. These two uses of opium — the medicinal and 
non-medicinal (or euphoric) — although in principle 
distinct, are in practice often so merged together and 
interfused as to be indistinguishable. This composite 
character of the opium habit is a constant source of 
confusion with incautious observers, and effects are 
attributed to opium which are really due to concomitant 
disease. In what follows it must be understood that in 
speaking of the opium habit in India the practice of 
eating or drinking opium is always meant, and not the 
practice of smoking opium, which is separately dealt with. 
Among the substances employed by mankind as 
exhilarants and restoratives, opium takes a position 
intermediate between alcohol and tobacco, and it may be 
compared and contrasted with both. All three tempt 
to excess, and require, in a good many of their votaries 
at least, the wholesome exercise of self-restraint to 
prevent injurious consequences. Opium, like alcohol, is 
greatly restricted in its geographical range by conditions 
of climate and race, whereas tobacco is equally at home 
in every climate and with every race. On the other 
band, opium is more akin to tobacco than to alcohol in ; 
the large part played by personal idiosyncrasy in deter- 
mining its diffusion through a community. Opium and J 
tobacco are also alike in not producing in their users any 1 
special organic tissue changes, even when carried beyond [ 
the verge of moderation ; whereas alcohol, if used in habi- J 
tual excess, produces special organic changes by which its ] 
operations can be tracked, bothduring life and after death. I 
Distribution and Prevalence. — The opium habit is J 
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diaseminated all over India, and through all claseeB of 
society — but very irregularly, according to climate, 
locality, race, caste, and religion. It is difficult to form 
a reliable estimate of the proportion of opium-eaters in a 
commimity. The habit is, by its nature, cryiitoua and 
undemonstrative. The consumers carry with them, 
hidden iii the folds of their garments, small pieces of 
opium or Uttle boxes containing opium pills. The dose 
is taken without show ; it neither taints the breath nor 
colours the saliva. Servants in domestic or personal ser- 
vice may practise the habit for long years without awaking 
any suspicion on the part of their employers that they 
are opium-eaters. For this reason the estimates given 
of the ratio of opium-eaters to population must he taken 
with great reserve, and considered as rough guesses 
rather than as precise statistical data. 

A few of these estimates may be cited as showing 
their great disparity. In the district of Balasore, in 
Oiissa, Dr. Vincent Kichards estimated the opium-eaters 
as forming 7 to 8 per cent, of the adult population. 
Mr. Driberg rated opium consumers among the native 
Assamese as 30 to 35 per cent, of the adult males, and 
among the Mikira (a tribe in Assam) as 80 to 85 per 
cent. Dr. O'Brien calculated the opium-eaters of 
Burdwan as only 5 per cent, of the adult males. Dr. 
Juggo Bundo Bose, a Native physician at Calcutta, 
reckoned that not more than 2 per cent, of the adult 
males among his countrymen habitually consumed 
opium. Another witness from the same quarter esti- 
mated the number as 5 or 6 per cent. Dr. Cobb judged 
that some 3 to 5 per cent, of the whole population of Dacca 
in Eastern Bengal were opium-eaters ; this would corre- 
sjK)nd to about 12 to 20 per cent, of the adult males, 
Ihe Marwaris, a caste of enterprising merchants from 
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Marwar in Bajputana, bnt Bcattered all over India, 
are large consumera. According to Dr. Harvey the 
' majority ' of them are opimn-eaters. Dr. Hall, 
speaking from his experience in the North-Western 
Provinces, estimated that one half of the elderly men 
were habitual eaters. The most precise estimate laid 
before the Commission was that of a Zemindar, whose 
estates lay in the Bengal Presidency. He stated that 
in his native town of Uttarpara, containhig somewhat 
over 6,000 inhabitants, there were 821 opium-eaters. 
A Native medical practitioner of large experience at 
Benarea said that in that city 75 per cent, of the 
Mahoraedans were consumers, 25 per cent, of the 
Hindus, and 5 per cent, of the Native Christiana. 
Mr. Lely, collector of Surat, estimated that 3,000 
persons took opium out of a population of 108,000 in 
that city. Of these, 2,000 are Mahomedans and 1,000 
Hindus ; altogether about S per cent, of the inhabi- 
tants. Dr. Moriarty estimated the habitual consumers 
in Meerut at no more than 8 per cent, of the adult 
population. A semi-official estimate made in 1890 
of the opium-consumers in the city of Bombay, showed 
that there were 7,000 opium-eaters in a population of ■ 
821,000, or less than 1 per cent, of the total in<4 
habitants. 

Taking India all through, it is evident that only al 
minority of the inhabitants, generally a small minority, T 
even of the adult males, are opium-eaters. 

The dual character of the opium habit, with ital 
medicinal side and its euphoric side, explains some ofl 
irregularities and anomahes in its distribution. The J 
habit prevails in excess of the average among the 1 
peasantry in low-lying, damp, and malarious districts ;. J 
it also prevails in excess of the average among thai 
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Rajputs and Sikha, and in such cities as Lucknow and 
Benares, where there is a large class of idlers. In the 
former case the excess may he said to be due to the 
solicitation of the medicinal side of the habit ; in the 
latter case the excess may be said to be due to the 
solicitation of the euphoric side of the habit. 

Another factor which affects the distribution of the 
opium habit in India is the existence of groups and 
sects with whom abstinence fi'om the use of opium is an 
article of religion. The great mass both of Hindus and 
Mahomedans regard opium-eating as a permissible in- 
dolgence ; but certain precisians of both cults interpret 
their sacred writings in the sense that opium, being an 
exhilarant, comes under the general ban agjiinst all 
intoxicants, and is, therefore, forbidden to the truly 
orthodox. Besides these precisians who do not form 
separate cojumunities there are distinct sects in which 
abstention from opium is an express religious obhgation. 
Among these are the Ferazis, a sect of puritanical 
Mahomedans, dwelling in Eastern Bengal ; these 
abstain not only from opium, but also from alcohol and 
hemp drugs. A Native witness from Assam stated that 
opium ' is religiously prohibited amongst the disciples of 
the Dehing Goasain, one of the principal spiritual guides 
in Assam. Any of bis disciples using it is excom- 
municated, and never restored to society unless a severe 
penalty is paid.' The Buddhist priesthood in Burma 
appear to hold a similar attitude, and to regard the 
Use of opium as a 'sinful vice.' In Gujarat there is 
a flourishing Hindu sect, numbering some 400,000 
members, started about a hundred years ago, called the 
•Swami Narayan sect, whose religious tenets include 
abstention from opium and all intoxicants, and even 
from strong smelhng things such as leeks and onions. 



268 



TOLERANCE 



^ 



The questionB of tolerance and siisceptibUitj/ are of i 
great importance in regard to a right understanding of J 
the opiam habit, and a good deal of misapprehenBion j 
has arisen from want of attention to these questions. 

Tolerance, — The evidence laid before the Commission! 
with respect to the prevalence of the practice of opiiim-j 
eating, and the doses used, indicates that the natives a 
India have, generally, a higher toleranco for opinm thai 
Europeans — that is to say, that the former are able t 
bear larger doses of opium, without esperiencing tosid 
effects, than the latter. Exceptions, of course, oceurJ 
and instances could be cited of Enghehmen with as higlta 
a tolerance for opium as any recorded in India. This J 
enhanced tolerance appears to be congenital ; it is t 
marked in infants as in adults. In the course of higl 
evidence on this point Dr. Crombie said : ' Most of oura 
Ayahs, who are entrusted with the care of European ' 
children, are up-country women, who are accustomed to 
deal with their own children in this way (i.e., giving them 
opium), and when they find a feverish, fretful Englieba 
child, they give it the same dose of opium they would 
give to their own child, and the English child dies . 
we have all had experience of that kind.' 

The difference of tolerance for opiiuu between Eac 
and West was variously accounted for by the medicd 
witnesses. Some attributed it to one cause, and b 
to another. It probably depends on a combination ( 
causes — on race and climate, on hereditary acquisition!^ 
centuries of use. on the general prevalence of the malarial 
constitution, and the vegetable character of the diet. 

But, besides this racial and climatic difference, ther 
is a still more remarkable difference of tolerance betwee 
individual opium-eaters, depending on personal idiosyn 
crasj. Judging by the practice of opium-eaters, 
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leverage tolerance of Natives of India appears to range 
"firom 4 to 12 grains of opium per day. Ent many take 
:Xa,t larger doses than these, and consume 20 to 40 grains 
■^ day, and not a few 50 to 80 grains a day, without any 
■appreciable detriment to their health. Cases still more 
-extraordinary were quoted before the Commission. Dr. 
^Cailas Chunder Bose (of Calcutta) stated that he had 
a^en a religious mendicant take in his presence about 
'2,000 grains of crude opium, and that the man was a 
perfect model ot heaJth and vigour. Another Native 
physician at Calcutta related that he was acquainted 
with a singer who, after singing for three or four hours, 
would take 300 grains of opium, and then would go 
on singing again, keeping accurately to time and tune. 
These figures seem to show that the range of tolerance, 
depending on individual idiosyncrasy, among opium- 
eaters is far more extended than the range of tolerance 
tor alcohol among alcohol-drinkers, or the range of 
tolerance for tobacco among tobacco-smokers. Indeed, 
it would appear as if some men were almost insensi- 
tive to the toxic effects of opium.' 

Siisnfptihility.—lt has already been pointed out that 
opium has a dual action on the human constitution. It 
operates as a therapeutic agent, as an anodjTie and 
hypnotic ; and it also operates as a euphoric agent, as 
an exhilarant and restorative, after the manner of alcohol 
and tobacco. These two actions are not only not iden- 
tical, but they are not always concurrent ^that is to 
say, that persona may be sensitive to the anodyne and 
hypnotic effects of opium, and yet not be sensitive, or only 
' II ii ol couras understood that the tolenuice of a person tar opium 
nnderBOGs a certain, ov even cotiHideriLble, aipnnsioQ with ase. But 
this expansioD is preHuinably, aa in the cases of alcohol and tobacco, 
strioll? limited (or esch individual occordiog to the measure ot bis 
original endowment. 
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Blightly sensitive, to its exhilaraoit and reBtorative effects^i* Jb. 
The therapeutic effects of opium are much alike — toler-r»r^t 
ance apart — in all persons and in all climates, but ii i 
■would seem as if only a select portion of the populatior«:>J(j: 
were susceptible to its euphoric effects. Tobacco offec«r^^ei 
an apt illustration of this point. Tobacco-smoking i j j 
pretty generally diffused among Englishmen ; yet theMri^»_er 
are a great many who never smoke, or who only smot#'<z>ok 
occasionally for company; they are abstainers, simp"<^|r^pli 
because they experience no enjoyment from the practic:»_tice 
However much they wish, and however long they trm: Otry, 
these persons cannot become tobacco-smokers in t".i* tiie 
proper sense of the term, because they lack sensibility ^s^ to 
the euphoric effects of tobacco. 

Opium, as regards its euphoric properties, seems « to 
be even more selective than tobacco. In India, no douKz^aibf, 
the susceptible persona are numerous — amounting, pi^^iec, 
haps, to a majority of the adult males in certain distrz: — iete 
and among certain races — and amounting to a consi^zarier 
able number throughout the country. In Europe, on 

the other hand, the susceptible persons seem to be 
exceedingly few. Medical men are in the habit of "m^ iy. 
scribing opium every day, yet they have practicall;^^' no 
knowledge, except from hearsay, of the wonderful re t?V- 
ing and exhilarating effects of the drug, of which so ra oeh 
was heard in India. Had there been the same suacepft- 
bihty to these effects in the West as in the East, there 
is no obvious reason why Europeans should not hare 
borrowed opium from India, as they had borrowed tea from 
China, coffee from Arabia, and tobacco from America. 

A(ie.—The opium habit is mainly a habit of middle 
life and advancmg years. Among young adults the 
habit is comparatively rare, and is only followed bj 
persona suffering from some chronic ailment, or by idle and 



AGE — SEX 



271 



dissipated young men. The habit is commonly begun 
between 35 and 45, when life begins to be on the wane, 
and the premonitions of age begin to be felt. This epoch 
occurs much earlier with the Natives of India than with 
Europeans. The following table, illustrating the incidence 
of age on the commencement of the opium habit, has 
been compiled from data furnished by Dr. Hendley, 
at Jeypore, in Eajputana, and Dr. R. Moy Roy, at 
Calcutta. 
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The figures in the table indicate that a larger per- 
centage of opium-eaters begin the habit at an early age 
in Eajputana than in Calcutta. The general tendency 
of the evidence laid before the Commission on this point 
supports the conclusion that the Calcutta averages are 
more generally applicable to the whole of India than the 
Jeyixjre averages. It may be pointed out that the age- 
interval during which the habitual use of opium fftUs 
to its lowest point, is between the third year, when the 
practice of giving opium to children ceases, and the 
twentieth year. 

Sex. — Opium-eating is much more common among 
men than women. Of 613 cases investigated by 
Pr. Vincent Richards in Orissa, 73 per cent, were males, 
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and only 27 per cent, females. The disproportion was stiUl 
greater in the 4,409 opium-eaters examined by Dr.€ 
Hendley at .Teypore ; of these only 5-34 per cent, were I 
women. This, probably, is too low an estimate for the I 
population generally. The custom of secluding HitM 
women in India renders it difficult to get at the real fac 
in relation to the female sex.' 

Dosa^je. — The doses taken by opium-eaters varyl 
"widely. A common allowance is from 2 to Sgrains perday^ 
— one-half taken in the morning, and the other half in I 
the evening. Among the poor the quantity consumed ig T 
much restricted by the scanty means of the consamer. I 
Among the easier classes the daily allowance frequently I 
runs up to 20 and 40 grains, and sometimes far beyond fl 
"this. The following tables give an excellent idea of the! 
range of dosage among opium-eaters in India. 

Table 11.— Showing the Range of Daily Doses iised by Opium-eat»ri. 
compiled from Data supplied by Dr. Hendley. Dr. B. Moy Roy. and 
Dr. Bnnlly. 
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An examination of the table shows that the proper- 
' The ^iSerence between men and women in regard to the u?e ol 
-euphoric aiibatances is verj ourioua, especially as regards the Dioie 
potent euphorica. In this country, ptobablj Ibree-fourtha ol tbe 
alcohol consumed is consumed by men— and the use of tobacco is 
almost confined to the male sex. This distinction, probably, ia moinl; 
to a aonstilutional ditferenoe of tolerance and susceptibility. BdI 
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tion of large eonaumerB, in the three sets of obBervations, 
stands very high. Over 25 per cent, consumed more 
than 20 grains per day. Dr. Hendley and Dr. Huntly 
collected their cases in Kajputana, where the habit is in 
fall development, and where opium is comparatively 
cheap. Dr. E. Hloy Eoy's eases were, for the most part, 
of the better classes, with whom the cost of the indul- 
gence was of minor consequence. A very much lower 
scale of dosage was observed by Dr. Mncent Richards 
at Balasore, in Orissa. Here opium is comparatively 
dear, and the cases collected were mostly from among 
the poorer peasants. He investigated 618 cases of 
opium -eaters^444 men, ajid 169 women. The following 
table eshibits the range of dosage obaer\-ed by him : — 

TABI.E in. — StoioiiH) Ihc Range of Daily Dose jiaed by OpUim-ealers in 
the Dixlrict of Balasore, compiled from Data supplied by Dr. 
yinceal Richards. 
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It may be observed that the quantity used by the 
women was less than that used by the men. The 

there is sIbo a good deal in fashion. Our Ktaii'lmotlierR and great- 
grandn] others used tubactro pretty (reeljr in the giiiae ol linuff. With tlio 
decline of Bnuff-takiog the lue of tobacuo luiiong women prucliciUl.v 
went oat. Hut dow again the laihion is changing, and Ihe cinarett'i in 
creeping into am: among ■"utaen. Pamiibl]' lh« n«it generation ni>y 
witneaa as manv female cigarette -aiuokera in liitglaiid an there ware 
female EDoS-talera a hundred jearv aj 
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average daily dose for the laen was 7 graina ; the average 
daily dose for the women was 5 grains. 

Increase of Dose and Excess. — The opium habit, once 
begun, is usually a life-long habit. The dose is usually 
taken twice a day, morning and evening, before the morn- 
ing and evening meals. Sometimes the dose is taken 
three times a day, and sometimeB only once a day, in 
the evening. So long as the opium-eater gets his dose 
punctually, and his consumption is moderate, be ia qait».] 
undia tin guish able from the rest of the community. HiBi 
hystem adjusts itself perfectly to the new factor in his 
envu'onment. AH the functions are performed in due 
order, and with normal efficiency. 

At the beginning of the habit there is a tendency to a 
progressive increase of the dose. This increase goes on 
until the limit of the individual tolerance is approached. 
When this point is reached the dose becomes stationary, 
and usually remains stationary for yea.r8, or for life. 
Sometimes an oscillation is observed, the quantity is. 
increwsed for a period, or diminished for a period, accord-J 
uig to the exigencies of health, or apparently aceon 
to the waxing or waning tolerance of the constitution, 

Excess in the use of opium is to be measured not 
merely by the quantity habitually consumed, hut much 
more by the constitutional tolerance of the individual. 
Doses which are injurious to one consumer may ba 
quite harmless to another consumer. "When an opium- 
eater goes beyond his tolerance, he may be said to go to 
excess, whether the quantity consumed be small or great. 
An opium-eater who, on occasion, indulges in a larger 
dose than his usual allowance, shows signs of opium 
intoxication. He becomes sluggish and drowsy ; if hfl 
be a magistrate, he nods on the bench, and is, perhaps, 
made the subject of gentle chaff by his brother magis- 
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tratea. These signs sooa pass off, and leave no trace 
behind. But when the excess is habitual, more Bsrioils 
results follow. The consumer becomes persistently 
indolent, stupid, and incapable of attending to his 
business, his appetite falls off, and he becomes lean and 
shrivelled. The bowels are either obstinately costive, or 
there is alternate diarrhcea and constipation. No 
organic disease is developed ; and the man continues to 
Uve on, provided he escape intercurrent disease, to his 
natural term; but his useful life is certainly shortened, 
and he becomes a cumberer of the ground. This is tho 
' opium sot,' or ' opium wreck,' of popular dfisci'ii»tion, 
and a very deplorable object he must be. Fortunatwly, 
he is a rare spectacle, and many experienced witncHBox 
had never seen him, and scarcely believed in his oxiMtoncn. 
It is, however, probable that the opium 8ot is not ho 
scarce as his rare appearance 'would indicate. A mati 
in this condition would naturally seek the sliado, and 
keep himself out of the way. 

Poetponemeiit of the Done. — If the opium -oatur (loon 
not get his dose at the appointed time be fcelH VHry 
uneasy ; he looks stupid and exhausted, Irift cyiin and 
nose begin to run ; he yawns, ba^i pninH about thir 
abdomen, and no appetite for hiB meftl, Wlion ut Utn^ftli 
he obtains the belated doiu; all the»e nyniptoinH vaninti 
as if by a charm, and the cjuilibrinm of thn ttynU»n U 
restored. 

Stopinng the Opium Halnt.—Vlhm) tli« itliliply «f 
opium is suddenly and entirely eiil off tlii^ rufuttJim in 
moch more proDOttoc«d than in th(j nam nf nUiiUul uti/l 
tobacco. It is a dreaded mdijol Us mmi tvnmmtmt, 
and forms a s^iuas obstacle Ut iAlK KiviriK rip iti i\w 
habit, when aacfa a eoarae it dcMred Umn ni"Ll«M tii 
economy or reUgioai tatii/Um, U \n i\ui uf^uuraS tViU> 
.1 * 
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in Indian gaols to cut off the supply of opium h 
prisoners on ELdmisBion. The medical ofScere in chargs 
of gaols were thus able to furnish the Gommission with 
reliable and exact information on the effects of suddenly 
stopping the opinm habit. It is true that a certain 
amount of smuggling of opium into gaola by friends ot 
prisoners takes place in spite of all precautions, but that 
this leakage is insignificant is proved by the fact that 
the effects of deprivation were clearly perceived by thf 
medical officers of the prisons, and that their testimony 
as regards these effects wa8 remarkably uniform. The 
usual effects of stoppage are: — looseness of the bowels, 
dejection and misery, reatlesBness and loss of sleep, 
failure of appetite, aching of the bones, lassitude, and 
weakness. These symptoms are more or less severe and 
protracted according to the largeness of the dose to- 
which the prisoner has been accustomed and the length 
of time during which the habit has been continued. 
good deal also depends on the temperament of the 
sufferer. A man of nervous quasi- hystei'ical tempera- 
ment suffers more than a man of more stolid disposition. 
After a few days, or a week or two, these symptoms 
subside and health is restored. As a rule the dis- 
turbance is slight and calls for no interference in the 
way of special treatment on the part of the medical 
oiBeer. Sometimes, however, the disturbance is more 
severe, and may even, in exceptional cases, as 
alarming proportions. In these latter the initial shoclc 
approaches to a state of collapse, or the looseness of the 
bowels passes on to intractable diarrhcea of dysenteric 
character. In such cases the medical officer is obhged 
to resort to the use of opium again, and to finally with- 
draw it by slow degrees. Instances are not unknown, 
though seemingly of extreme rarity, where life has 
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fallen a sacrifice to the process of stopping the opium 
habit. Such instances are, however, only known in the 
case of prisoners whose health is Beriously deteriorated 
by the excessive use of the drug, or who are at the time 
suffering from some intercurrent disease. 

Till' Ojitwirt Habit and Food. — The Commission were 
frequently told that people who were well off and had 
plenty of good food tolerated the opium habit with 
impunity, whereas the poor, with an insufficient supply 
of food, Buffered from it. On the other hand, we were 
often told that opium ameliorated the lot of the under-fed 
man, and enabled him to live longer and better with a 
scanty diet. This latter view seems to be largely held 
by medical men in India ; and it is interesting to note 
that physiologists in Europe have held a similar opinion 
with regard to alcoholic beverages and tea and coffee — 
namely, that one of their purposes to the poor consumer 
was to serve as economisers of food. There may be an 
element of truth in both these allegations. A large 
consumer might spend too much of his scanty income 
on opium, and leave too little for food, and thereby 
aggravate his condition ; while a frugal consumer might 
benefit from spending a small modicum of his earnings 
on opium, and thereby making hiw scanty meals go 
farther. 

Opium is said to tje usftful to lliose who live chiefly 
on rice. Dr. Cobb explained this point in the following 
way : ' In the damp climates of Eastern Bengal tht- 
poor Natives are in the habit of eating largely of rico. and 
a pecuUar sensitiveness of tbe IxfwelH weiriH Ui exijit in 
those damp climates. Ah a luari advaiiGeit in agi^ digcistioti 
fails to some extent, and tlie food w hurrii-d tbr'iugli tlie 
intestines. . . . The effet-t of hurrying food through llie 
intestines is to cause diarrh'i'a, dyH«nt«ry, and othor 
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allied affections. Opium in small closes prevents this, 
and it is largely used by the poor in Eastern Bengal. 

Dr. Elizabeth Bielby, examined at Lahore, stated 
that it was a general practice in the PEDJab for the 
women to take a small dose of opium (about a grain) 
just before or with their midday and evening meals, ae 
'digestive.' 

Bat the most curious relation of opium to food is tlifl 
practice common to opium-eaters of indulging largely in 
milt, ghee (clarified butter), and sweetmeats. This kind 
of food is believed to help the opium to agree, and also tei 
prevent or postpone the injurious effects of the immoderate 
use of opium. And it was constantly alleged that th< 
poor, who cannot afford these indulgences, suffered in 
conseqnence more from the abuse of opium than well-to- 
do people. There are probably sound reasons for this 
practice. One of the plagues of the opium-eater 
chronic constipation, and free use of milk, ghee, and 
sweetmeats would help to keep this tendency in check. 
Another tendency of opium -consumers is to grow undoly 
lean, and a good many confirmed and large opinm-eaterft 
are noted as spure, wiry men. Milk, ghee, and sweet* 
meats are eminently fattening articles of food, and verj^ 
easily digested ; these articles would therefore be 
peculiarly fitting addition to the dietary of an opium- 
eater.' 

Effect of the. Opium Habit on Health and I^mgevit^.- 
It is a matter of no small difficulty to justly assess liM 
influence of the opium habit on the health and longavitjf 
of the consumers. On the one hand, a large body o 
evidence was laid before the Commission to the effect thai 

' Dr. Folak relntea that at the age of 40 every Persiwi who i 
to avoid obexit; takes daJIf an opium pil!. (Cited bj Dr. El 
Mtuiin, Ii'ppium, p. IB.) 
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opium-eaterB were, to an important extent, protected by 
the habit against tlie inroads of diarrhofa, dyaentery, ague, 
and other maladies incidental to damp and malarious 
climates, and that lives iimumerable were thus saved. 
'On the other hand, valid evidence was adduced that 
the habit tended to habitual excess, and that excess 
was injuriona to health, and that many hveawere lost in 
consequence. Both these contentions may be taken as 
true ; and the problem is to balance the gains and losses. 
It ia obvious that such a problem is, from its very nature, 
incapable of an exact numerical solution ; and the 
inquirer is constrained to draw his conclusions from an 
examination of a number of separate items of evidence 
and a broad consideration of the general tendency of 
that evidence. Proceeding in this way, and judging 
from the aggregate of the evidence laid Viefore the Com- 
mission, it does not seem possible to doubt that the lives 
saved by the opium habit, as practised in India, and 
under the climatic and other conditions prevailing in 
India, outnumber the hves lost through the habit, A 
good deal of the evidence on which this conclusion is 
based will be disclosed subsequently in dealing with the 
subject of opium as a household remedy and as a 
prophylactic against malaria. The following points may 
be dealt with here : — 

The opium habit does not appear responsible for 
any disease peculiar to itself; and poat-mortem examma- 
tiona of opium-eaters who had died of natural disease 
have not revealed any tissue changes, or disease of any 
organs, which could be traced to the use or abuse of 
opium. Neither does the habit affect the chances of life 
after surgical operations. Opium-eaters betir op'-.ralions 
as well, and recover from them as quickly, as those who 
are not addicted to the habit. The testimony of hospital 
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BurgeoDs in India on both these pointn was practically 
unanimouB. 

The general health of opium-eaters, provided they 
keep within tiieir tolerance, appears to be just ae good 
as that of other people. A considerable nuiiiher of eon- ' 
firmed opium-eaters appeared before the Commission a»^ 
witnesses ; and they could not be distinguished in e 
way from other persons of the same age and station a 
life.' Numerous instances were mentioned, both byB 
British and Native witnesses, of persons who had reach^ 
an advanced age, although they had habitually consumed 
large quantities of opium for 20, 30, and 40 years.^ 
Remarkable evidence on this point is supplied by t 
table of 215 opium-eaters examined personally by Dim 
Moy Eoy at Calcutta. Of these 215 persons, fifty-tww 
were between 60 and 70 years of age, eighteen betwee 
70 and 80, and five between 80 and 90 years of agf 
and one died at the patriarchal age of 106 years, afta 
having consumed the enormous dose of 180 grains ( 
opium daily for 66 years. Out of these 215 personfti| 
213 were still living at the date of the record, and c" 
the health of these Dr. Moy Eoy remarks : ' With tl« 
exception of seven persons, who are in indifferent health, ' 
all these persons may be said to be in good condition 
of body and mind, of course making allowance for the 

1 of those who are old. The rest ot the number^ 
were found to enjoy good health of body and mind^ 

' By the courtes; of Sticgeon- Captain Jennings, 20 Native BoldiOil 
of the 32nd Pioneers were paraded before me ftt Umballa. Of these l' 
were opinm -eaters and 10 were not. I examined them carefnllj, i 
tried to pick out the opinm -eaters. I entirely failed ; si 
right and Bometimes wrong, and us often wrong as tijfht. The opiun 
eaters were not large consumerH ; their daily doses varied from i 
grains. 
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equal in every respeet to that of the avurage Native 
not given to this habit.' 

Some of the medical witnesses expressed the opinion 
that opium-eaters, especially those who consumed im- 
moderately, had a less chance of recoverj' from inter- 
nirrent disease than those not addicted to the hahit. Dr. 
Mullane put the matter in this way : ' For although 
opium-eatera do undoubtedly enjoy a marked degi-ee of 
immunity from malarial fever, dysentery, or diarrhcea, 
still an old opium-eater attacked with dysenteij oi 
diarrhcea enjoys a smaller chance of reco\ery than a 
non-opium eater,' It seems highly prohable that 
persons who have habitually gone to excess in the ust 
of opium would thereby lower their vitaUtj, and thus 
diminish their power of resisting the attacks of mter- 
furrent disease. 

The habitual use of opium does not appeal to affect 
longei-ity. The late Sir Robert ChristiHon, in 1845, 
published biographies of 25 opium-eaters collected by 
himself. He came to the conclusion that the evidence 
thus collected rather tended to throw doubt over the 
popular opinion that the opium habit shortened life 
{'Treatise on Poisons,' p. 718). Mr. McLauchlan Slater, 
manager and actuary of a large insurance company at 
Bombay, engaged in the business of insuring Native 
lives, had come to the conclusion, after 20 years' ex- 
perience, that it was not necessary to put an extra 
premium on the lives of moderate opium-eaters. 

Insanity. — The evidence tendered by the medical 
officers in charge of lunatic asylums in India was uniform 
to the effect that the opium habit is rarely if ever a 
cause of insanity. Dr. Crombie analysed the statistics 
relating to the causes of insanity in the asyhims of 
Lower Bengal, the Bombay Presidency, and the Madras 
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PreBidency. In Bengal the proportion of opium-catprs 
among lunatics was 0'36 per cent. ; in the Bombay 
Presidency 0'75 per cent. ; and in the Madras Presi- 
dency (only one year's returns available) no opium- 
eaters tigured among tlie admissionB, He remarks that 
' it would become almost justifiable to advance the theory 
that one of the advantages derived from the habit of 
eating opium is a diminished liability to insanity. 

Dr. Boyd, superintendent of the Colalia Lunatic 
Asylum, Bombay, containing an average number of 285 
inmates, stated that in 11 years only three cases were 
admitted in which opium was put down as the probable 
cause of the insanity. He further says, ' I do not 
think that opium has ever produced or ever will produce 
insanity ; that is my very strong opmion. It may, in 
large doses, produce hallucination for a short time, but 
never insanity of any form." 

Suicide. — Some of the witnesses expressed the opinion 
that the opium habit in India was promotive of suicide. 
One witness contended that opium ' is of aU poisons the 
one which must be most attractive to a suicide. It 
presents death in its easiest and most delightful form to. 
one who has reached that state of mind. I believe that 
its free sale does greatly encourage suicide.' Thia 
plausible view is, however, not supported by an eiamina- 
tion of the official statistics of suicide in the different 
provinces of India. The following table (Table IV.) 
shows conclusively that the prevalence of the opium 
habit has no relation to the frequency of suicide 
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Iakls TV. ^Showing the Prnportion of Suicides b// Opium to the. Total 
Saicidet in the soBeral Provinces of Brilith India; compiled /rra» 
the Offieial Statistics printed in Vul. v., Ajfpendia xvi., of the Be- 
port of the Opium Contmission. 
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It will be observed from an examination of Table IV. 
tihat, taking all the provinces into consideration, the 
J)ercentage of suicides by opium has no relation to 
"the general prevalence of suicide. For although the 
figures for the North-Western Provinces appear to 
fehow the existence of such a relation, inasmuch as the 
J)roportton of suicides per million of the population 
CLnd the percentage of these due to opium both stand 
liighest on the hst, the figufes for Madras and the other 
jroviiices entirely negative this deduction. Nor is there 
any connection between the amount of opium consumed 
in a province and the prevalence of suicide in that pro- 
vince. The province of Assam, which has the largest 
consumption of opium, shows the smallest proportion of 
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auieides; and Madras, which has the lowest consumption I 
of opium, stands second on the list in proportion of J 



Eelation of the Opium Habit to the Generative FuneJ. 
tions. — Opium has a repute as an aphrodisiac all over] 
the East. But as it shares this repute with a siiore of 1 
other drugs and nostrums the fact loses much of its s 
nificance. Aphrodisiac agents have lost credit in moderiLl 
medicine, and it is very doubtful if opium have anyl 
special power in this direction. The medical witnesaesa 
were by no means in agreement on this point. Some I 
said opium stimulated the sexual function ; others said] 
it was not so, hut that it protracted the orgasm ; othersri 
again, said it was at first provocative and that afterwards ' 
it produced impotence. The truth probably is, that the 
general stimulating and restorative effects of opium on 
the Natives of the East, like those of alcohol on the Natives i 
of the West, extend to the sexual function, but that they | 
have no special relation to that function. It is also 1 
probable, and more than probable, that the deadening of* 
the vital functions which o\ei takes the opium-eater whi 
habitually exceeds his tolerance, hivolves the sexual func-J 
tion, and tends to impotence. 

Attention was called by Dr. Vincent Richards to thfi'l 
diminished fecundity of opium-eaters. Speaking from J 
a careful study of 613 opium-eaters in Orissa, he says:. 
* There is one almost inevitable result of a prolonged in- 
dulgence in opium-eating, especially if immoderate— 
namely, a weakening of the procreative powers. In i 

fewer than 99 cases out of 125, into which I par ticularlj* 1 

inquired with a view to ascertaining the fact, was thi^^s 
the case ; moreover, of the 125 married men averagin g -W 
36 years of age, the average number of children to eac5Kj 
was I'll, after 11 years of married hfe. The averaffi.* 
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dose taken by these men was 14 graias jicr tlieiii, aud the 
length of time they had been addicted to the habit, I'i 
years.' The statistics collected by Dr. Hendley at 
Jeypore seem to point in the same direction, but not 
nearly so strongly. He made inquiries as to the 
number of children of 4,S89 opium-eaters ; of these, 
2,798 had issue — namely, an average of 2'9 children to 
each person ; while 1,591 had no issue — ao that for the 
whole number there was only an average of 1-8 child for 
each person. 

I scarcely know how to interpret these figures. There 
is certainly no lack of fecundity in India, The popula- 
tion shows a satisfactory normal increase in every 
province, and the birth-rate throughout the country is 
higher than in England. The birth-rate in England 
averages 31-4 per 1,000, while in India the birth-rate 
averages over 4'2 per 1,000. It must be remembered 
that the opium habit is in the main a habit of middle 
life and advancing years, and is not often practised in 
jouth and early manhood. On the other hand, the con- 
gress of the sexes takes place very early in India, and 
«hiefly before the opium habit has attained much 
development. Perhaps the explanation of the apparent 
paradox lies in these two circumstances. 

(2.) Opiiiii as a Household Bemedy in India. 
Opium is largely employed all over India as a 
domestic medicine, and centuries of use have familiarised 
the inhabitants with its administration, both as an 
internal remedy and as an outward application. It is 
rMorted to in the manifold ailments incidental to damp 
and malarious chmates — in diarrhcea, dysentery, chills, 
recurrent febrile attacks, and the neuralgic troubles of 
&e malarial cachexia. It is also their chief resource in 
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aethma, chronic coughs, rheumatic pains, diabetes, gravel, 
and indeed in all painful wasting diaeaaes of every kind. 

It is a fact which was brought to the knowledge of 
the Commiasion during their tour in India that large 
masses of the people are as yet beyond the reach of 
European medical aid. The dispensary system which has 
been organised throughout India is still inadequate for 
the immense needs of the population. The Native prac- 
titioners — ^the Hakims and Vaida who follow the Arabic 
and Hindu systems of medicine — are without any regular 
training ; they are self-taught and self-appointed, and 
the knowledge of medical matters possessed by many of 
them is not much greater than that of the jieople among 
whom they practise. The consequence is that the 
medical aid available for the sick, especially among the 
poor, is often solely that of the house-wife, or of the wise 
woman of the village. 

Dr. Maynard informed the Commission that the dis- 
trict of Nuddea, in Bengal, where he had been stationed 
as civil surgeon, possesaed an area of 3,404 square miles, 
with a population of over 2,000,000. He was the only 
European medical officer in that district. He had to 
aid bim an assistant -surgeon, with a number of Native = 
unqualihed hospital assistants, and five dispenBarieB.^^a 

scattered over the district. But there were large nam 

bers of people who could not avail themselves of thest^^t 
dispensaries, and who could not travel the neceasar i ^ r 
distance. The last report of the medical institutions o -^of 
Bengal shows that in a population of over 70,000,00^* «0 
only a comparatively small percentage got any beuefi^^3t 
from the Government medical institutions. 

It is not difficult to understand how, under the^^ESe 
circumstances, opium, with its unrivalled power of nl'r'~^ ""•' 
ating pain and producing sleep, and of controUinj 
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intestinal fluxes which the Natives so justly dread, should 
have become an indispenBable article in Indian house- 
holds. 

The testimony of some of the most experienced 
members of the Indian Medical Staff in regard to the 
value of opium as a domestic remedy was impressive. 
Surgeon -Major -General Kice, speaking from an experi- 
ence of 37 years, said : ' In the Central Provinces 
malarial fevers, with severe ague, and dysentery, and 
diarrbcea, and, 1 should add, rheumatism, are diseases 
with which the people are afflicted. In these, muscular 
y>ain8, nervous irritabiUty, griping, and tenesmus are 
coEomon and persistent, symptoms causing an amount 
of depression and inability to exert oneself that can only 
l)e appreciated through actual suffering. ... It may, I 
think, be safely stated that not 10 pev cent, of the popu- 
lation all over India ever consult a medical man of any 
nationality practising the European system of medicine. 
. . . Practically, therefore, the great majority of the 
population are beyond the reach of such advice. The 
eonsequeuce is that either they must consult Hakims or 
Vaids, who invariably administer opium for these tor- 
ments, or they have discovered its beneficial effects and 
take it themselves. They soon have to take it regularly, 
tor these torments are ever present in one form or 
another, and seriously hinder the people in their work. 
Ihe effect in such cases is magical ; a man literally 
«liaabled from these ills, after a dose of a quarter or half 
a grain of pure opium, in a few minutes becomes a new 
tiian, and is able to do a fuH day's work. He knows 
"that if he cannot do this he and his family must starve.' 
Surgeon-Lieut.-Colonel Crombie, now Superintendent 
of the General Hospital in Calcutta, was equally emphatic. 
JHe stated in the course of his evidence : ' I think it is 
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■desirable that the CommisBion should know Bomething 
of the conditions of life obtaining in a place such ae I 
have lived in for a, gi'eat part of my service in India ; 1, 
refer to Eastern Bengal. There, when a man wants tO' 
hnild a house, he first of all digs a tank, and with thft 
earth from which he has dug the tank he raises a mound, 
and on the top of that mound he places his house. Thfl 
elevation of that mound depends entirely upon tha 
height to which the annual floods rise. The floods riat 
with fair regularity ; but sometimes they go two or three 
inches higher than the average, and then the inhabitants 
of those houses have to live on rafts inside their houses 
and their cattle are tethered up to their bellies i 
These people have generally no boats. They paddle 
about on rafts made of the plaintain tree, and the hoy^ 
go to school in what I call washhand basins. They arS 
eai'thern gumlas. The boy squats at the bottom of thi 
gumla and paddles to school. This is the only means oi 
commimication. Some of those dwellings are estrem^ 
isolated. There may be only one household within few 
or five miles. There is no Native doctor or dispensa 
within five or ten miles of them. I am convinced that ti 
deprive these people of the possession of opium, except 
under medical advice, would be a terrible and wanton 
cruelty. It is the only medicine of any value that i 
available to them, and if you deprive them of it I should 
not like to be one of those who do it.' 



(3.) Opium as a Eemedy and Prophvlac 
Malabia. 

The belief ia the usefulness of opium in the com- 
plaints of damp and malarious regions is very widaljf 
spreatl. It is well known that there ustd to ' 
portionately large consumption of opium in the marsfaj 
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•districts of England — in the fens of Cambridgeshire and 
-tjincoinshire, and in the Eomney marshes. These parts 
'^^v-ere formerly highly malarious, and laudanum was 
^inormously used as a household remedy.' As the 
^tjciarshy lajida were drained, and ague diminished, and as 
a.]80 quinine became better known and cheaper, the con- 
sumption fell off, but it is still said that there is more 
laudanum sold in those districts than in any other parts 
of rural England. The same belief seems to have pre- 
"vailed long ago in Persia. Shah Abbas 11., in 1621, 
issued an edict prohibiting the use of opium in his 
dominions, on account of the abuse of the drug which 
liad crept into the army, but he exempted from the 
prohibition the populations which were exposed to the 
xoiasnaata of marshy regions," Dr. Polak states that 
opium is used in large quantities on the swampy shores 
of the Caspian Sea, as a protective against malaria.^ , 
The evidence laid before the Commission showed that in 
some districts of India the local consumption of opium 
tore a close relation to the greater or le^s prevalence of 
malaria in the localities.* 

' Some intereating evidence on this point is recorded in the Pro- 
ceedings of the CommiBaion (Voi. IV., p. l(i|. 

' Cited bj Dr. Ernest Martin (L'Opiam, p. 10). 

» Cited by Dr. ErncBt Martin (L'Opium, p. 18). 

' A stcildng illnstration of this was given by Mr. Waoe, CominiB- 
sioneT of the Patna Division. He stated : ' The eSeot of olimate in 
regaUting the use of opium is cnHoualy illustcated. in the district I 
know bast, viz., Bhagalpur. The district is cut in halves by the Ganges. 
The southern part is dry and healthy ; the eastern half of the northern 
part is damp and malariouB, especially where it borders the River Koai. 
The three most malarious thanas, Einhengana, Madhepiira. biicI Parts- 
gang, with a popalalion of 27 per cent, of the whole district, have 43 per 
cent, of the opium shops lioensed for the whole diBtrict. The three 
driest thanas of the nouth, containing a population about fonr-fifths of 
the damper thanaa, have only two opitim shops, while the three damp 
I '^*'f'° have aeventeen.' 
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India is moi-e or less malarious from end to end, and 
suffers severely from the dieeases incidental to Bach 
climates. A glance at the oiBeial statistics of the c; 
of death in British India shows that ' fevers,' by whid 
are meant malarial fevers, overshadow aU other causes Q 
mortality. In the provinces of Bengal, Bombay, Fimjali 
and the North-Western Provinces these fevers accooq 
for about 70 per cent, of the total deaths ; in the Centn 
Provinces, for about 60 per cent. ; in Assam, for abon 
50 per cent. ; ui Berar, for about 45 per cent, ; and i 
Madras, for about 38 per cent, of the total deathi 
These numbers are probably, as I have gathered froii 
conversations with medical officers in India, somewhi 
excessive. Pneumonia and other acute diseases ai 
sometimes erroneously included under the headin 
' fevers,' but making allowance for all errors of diagnosis 
the main fact remains, that malarial fevers dominate th 
death-rate in every province of British India. The nej 
most prohfic causes of mortahty are dysentery, endemi 
diarrhoea, and cholera. These, roughly speaking, accouB 
for about 12 per cent, of the total deaths. Such bein 
the dominant conditions of morbidity, it is easy to imdw- 
stand how opium has come to be regarded by the NativM 
of India as a general panacea for their health tronblefc 
The people have learnt from long experience that opiui 
is to them a help in need, both to alleviate their sufferings, 
and, more or less, to prevent a recuiTence of their feverish 
attacks. In this general sense there was a consensus of 
opinion that opium was an invaluable mitigator of, and ■ 
prophylactic against, the prevailing complaints of tbd 
people of India ; nor was there any doubt expressed thri,fl 
as regards its general therapeutic value, opium could not 
be replaced by any other known remedy. 

A more interesting (question from a scientific point of 
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view is, whether and to what extent opium has the power 
to cure and prevent genuine nialarial fevers ; in other 
words, whether opium possesses, like quinine, real anti- 
periodic properties. In order to elucidate this point, it 
ia necessary to advert to the composition of opium and, 
particularl.'v , of Indian opium. Opium is a very complex 
Bubstance, containing not less than 16 or 18 different 
active principles ; most of these are in very minute pro- 
portions, and do not concern ue here. The two most 
important and abundant alkaloids, or active principles, 
of opium, are morphia and anarcotine.' Morphia repre- 
sents the anodyne and hypnotic properties of the drug. 
Anarcotine is a bitter crystalline alkaloid resembling 
quinine, and, like that substance, possesses tonic and 
antiper iodic properties. 

There are two descriptions of opium current in India 
— namely, Patna opium and Maiwa opium. The opium 
used in England for medical purposes is called Smyrna 
opium. There are considerable differences in the propor- 
tions of morphia and iinarcotme in these three varieties. 
These differences are shown in the subjoined Table :— 

T.mt.E V. — jSAoiuiiHf the Percentage- of Morphia and Anarcotine in 
Patna, Malwa, and Smijma Opium; atrnpiled from the Patna 
^ixim Factory Laboratory litcorda (Report of the Opium Commission, 
vol. M., Appendix xx.) 



It will be observed that Patna opium is comparatively 

I This substance was nameil Narcotine bj itn diaeovarer, Derosne, 
bat this designation is so luisloadiDg (seeing that it is devoid of narcotic 
qualities) that Dr. Palmer re-named it Anarcotine. Dr. Garden adopts 
^ d^D^ae, and I tiunk it desirable to loitow hk siample. 
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pool' ill morphia, but very rich in anareotine. Smyrna 
opium, on the contrary, is very rich in morphia, and very. 
lioor in anareotine. Malwa, opium is closely akin t 
Patua opium, but is a little richer in morphia, and a 
little poorer in anareotine. Persian opium, of which I 
good deal finds its way into some parts of the Eaa 
appears to be almost identical with the Malwa variety il 
its percentage of morphia and anarcotme. 

Some 50 years ago quinine became very scarce t 
dear, and the Indian medical authorities had to cai 
about for some cheap and more abundant subatitut? 
A-ttention was directed to anareotine, and trials wen 
made as to its curative power in malarial fevers. 
1888 Dr. (afterwards Sir William) O'Sbaughnessy, of tht 
Indian Medical Service, brought before the Medid' 
Society of Calcutta an account of 32 eases of intermit, 
tent and remittent fevers treated with anareotine, 
these 31 were cured. He aJso mentioned that 100 case 
were treated by his pupils and acquaintances with perfed 
success. These results and others of a hke charactel 
caused the Indiaji authorities to institute further expert 
ments, and, these proving favourable, they caut 
anareotine to be prepared in quantity at the laboratorifl 
of Ghazipur and Patna and distributed to the m^ci 
depots throughout British India. 

Two important communications on the antiperiodi 
powers of anareotine deserve resuscitation. They Mfi 
based on a large experience, and they prove incontestab^ 
that anareotine is scarcely inferior^and, in some clasBflB 
of cases, is superior— to quinine as an antiperiodic. Thi' 
first, from Dr. Palmer, is contained in a letter to I 
Director General of the Indian Medical Department, and 
is printed in Vol, V. of the Proceedings of the Opinnt 
Commission, Appendix III., p. 78. In 18^7-9 heti-eats 




at Gbazipur 646 cases of malarial fever with anarcotiiie, 
in doses ranging from 1 to 3 grains. Of these 541 were 
cured and five died. In addition to these 546 ofBcially 
reported cases, he treated with anarcotine a large number 
of other cases of malarial fever, amounting in all to little 
short of 1,000 cases. Summing up hia general ex- 
perience, he states that in 70 per cent, the fever was 
permanently arrested at the second paroxysm after the 
medicine was administered ; in 20 per cent, the arrest 
was equally sure, hut was not quite so quick ; and in 10 
per cent, the medicine did not appear to have any curative 
result. He fiu'ther remarks that there are oases where 
anarcotine is decidedly more efficacious than quinine — 
namely, where there inanintolerance of quinine, and where 
<juinine has been given without any effect for a long time. 

The second communication is a ' Report on Ajiar- 
cotine,' by Dr. Garden, which is published in the 7th 
volume of the ' Indian Annals of Medical Science.' Dr. 
Garden succeeded Dr. Palmer in civil charge of the 
Ghazipur station in 185!) ; and at that time a severe 
outbreak of intermittent fe^tr, of quotidian and tertian 
type, had to be dealt with. Taking advantage of the 
opportunity, he subjected anarcotine to an extensive 
trial. He treated altogether 684 cases, and gives details 
of 194. Of these 194 cases, 187 were rapidly cured by 
antircotine. It only failed in seven cases, or 3'6 per 
cent. It, moreover, cured some cases where quinine 
had failed. The dosea he employed ranged from 1^ to 
8 grains. He expresses his general conclusions in the 
following words: — 'That it (anarcotine) ia of equal 
value to quinine I do not pretend to say, but that it has 
a claim to the next place in the ranks of antiperiodics i«, 
I think, an undoubted fatt.' 

Anarcotine continued in large demand, and was 
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regularly supplied from the Government factories until 
some 15 or 20 years agn, when, quinine becoming again 
cheap and abundant, the Medical Department refused to 
issne anarcotine to the medical depots, and the factories 
ceased making it. 

The bearing of the obaervationfi of Dr. Palmer and 
Dr. Garden on the prophylactic powers of opium against 
malarial fevers stands as follows. These observers 
found that anarcotine in doses of 1 to 3 grains rapidly 
(in about three days) cut short the paroxysm of inter- 
mittent fever and completely arrested the disease. Now 
Fatna opium is estimated to contain 6'36 per cent, of 
anarcotine. It would, therefore, require IK grains of 
crude opium to equivalise the raiuimum dose of 1 grain 
of anarcotine, which was found effective in arresting the 
paroxysms of intermittent fever, and 48 grains to 
equivalise the maximum dose. From these calculations 
it may be inferred that only large consumers of opium 
would be absolutely protected against the malarial 
poison. A reference to Table II. shows that in Calcutta 
and Eajputana some 30 to 40 per cent, of opium-eaters, 
might be thus protected, but in Orissa, where the dosage; 
is smaher (Table III.), only some 4 per cent, would be 
completely protected. It ia, however, to be remembered 
that a dose of an antiperiodic, which is insufficient to 
cut short an actually existing attack of intermitten - 
fever, may be sufficient to ward off an attack — that is t- - 
say, may be sufficient to act as a prophylactic. This h 
at least the ease with quinine. During an attack c^ 
ague, quinine is given in doses of five to ten grains — bb_ 
a dose of two grains taken daily is held to be effecti' 
as a prophylactic against recurrent attacks. The 
rule probably holds good as regards opium, and 
alkaloid anarcotine. On this viaw it may be asaiimei/ 
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that moderate consumer a of opium, although not rendered 
absolutely immune against the malarial poison, would 
be more or leas protected from recurrent attacks — and 
if the attacks returnedj they would return less frequently 
and with mitigated severity. These particulars, I think, 
adequately explain why opium-eaters are not altogether 
exempt from malarial fevers. The smaller consumers 
either lack the means, or they lack the tolerance, which 
"would enable thera to take opium in sufficient quantity 
to contain an efficient protective dose of anarcotine. 

The question was often mooted before the Commis- 
Bion, why it was that, notwithstanding all this evidence 
in favour of opium in malaria, medical men in India did 
not prescribe opium for the cure and prevention of 
malarial fevers. The explanation is very simple in the 
light of the facts disclosed above. Opium contains 
morphia as well as anarcotine. This puts an absolute 
bar to the use of opium as a general antiperiodie. It 
could not be so used without the most serious risk of 
narcotic poisoning. Only persons of proved high toler- 
ance for opium, in other words, seasoned opium-eaters, 
could with safety take a sufficiently large dose of the 
drug to bring into efficient play the antiperiodie power 
of the anarcotine contained in it. This is the reason 
why crude opium can never take the place of quinine as 
an antiperiodie medicine — not even in the case of 
the generality of the Natives of India — still less in the 
case of European residents in India. 

It seems highly probable that some of the other 
ingredients contained in opium, and especially morphia, 
] are of service to the sufferer from malaria. In the con- 
I dition termed ' malarial cachexia ' the poison hngerb 
I about the system for months and years— but not in 
L sufficient potency to keep up regular febrile paroxysms. 
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Suoh perBons are liable on Blight exposure or chill to 
have a recurrence of the paroxysms ; they are then 
said to be ' down with fever,' This state of things ii 
well known in India. The opinion was very gtinerally 
expressed by the medical witnesses, that in the iiase ot 
Natives thus affected the habitual use of eveu a small' 
dose of opium, or an occasional dose when the emer- 
gency arose, served to ward off the provocative chill andi 
thus prevented these r 

It was also alleged that opium often acted as a 
indirect prophylactic against malaria, by cbeckinj 
diarrhtea and dysenteric purging. These compIainlH 
greatly reduce the strength of the sufferers, and i 
render them more susceptible to the malarial poiaos 
and to the ' chihs ' which are universally r 
India as the immediate cause of fresh attacks of fever. 

Several medical witnesses deposed that they 1 
often found opium in combination with quinine to ac^ 
better as an antiperiodic than quinine alone. 

Plurality uf Malarial Infection.— Dr. CrombiQ 
called attention at Calcutta to a matter of great interest 
concerning the pathology and therapeutics of malariali 
fevers — namely, the existence of more than one kind c 
malarial infection. He said : ' When one 
India the first thing that strikes one is what eeems t 
be the rooted and unreasonable objection that the Natives 
sometimes have to be treated with quinine. . . . Aft«(f 
a time one finds out that this objection is not unreason- 
able, and that there are a great many fevers — I miglid 
almost say the majority of cases of fever which I havt 
to treat in Bengal — which are not only not benefita 
by quinine, but which are aggravated by it.' Siirgeo 
Lieut.-Colonel O'Brien said: 'Latterly my i 
has been enlarged in the treatment of fevers, and I bav 
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come to recognise . . . the disadvantage of quinine in 
many caseti, and the undoubted remarkable benefit to be 
derived from the use of opium.' SurgeoJi Captaui Tull 
Walsh, epeaJiing from his experience in Orissa, stated 
that in that province tlie fevers accompanied by enlarged 
spleens were not so common as the type of fever not so 
ticcompanied — and that he believed that theae two distinct 
diseases liad got muddled up under the head of ' malaria.' ' 
The recent researches of Laveran in France, of 
Marchiafava and Bignami in Italy, and of Mannaberg 
in Germany, come opportunely to Indian inquirers as 
bearing on the question of the existence of a plurality of 
type and plurality of infection in malarial fevers. These 
researches have demonstrated that the infective 
material of malarial fevers consists of micro-organisms 
liTing and multiplying in the bodies of the affected 
23ersons, and that these miero-organiams are of more than 
one kind, and give rise to more than one type of fever. 
Clinical inquirers in India have in this connection some 
*3xtreinely interesting pathological and therapeutical ques- 
tions ripe for investigation — and it is not improbable that 
^Xiidian opium, or rather its chief alkaloid anarcotine, maj' 
«:2ome to play a larger part in the treatment of Indian 
f -evers in the future than in the iiast — and that anarcotine 
iaoay eventually take its place, not as a rival to quinine 
fant side by side with it, as a twin antidote to malarial 
"5>oiaon8, each being superior on its own special ground, 
The facts above enumerated go far to account for 

' II is interesting to nute that Sfi years ago Dr. Palmer aurmigetl the 
exiateni£ of a plurality of malarial poiaonB. In tlie comiuunicaitioii 
^Mlore leterreil to he ntates that in 90 pet cent, of the cases of malarial 
fever treated by him at Ohazipur anarcotine effected a rapid cum, but 
10 per cent, it proved entirely ineffective. ' Tiiia clase,' he soya. 
3tB Eo strongly with the former that I have been constantly led 
l>elie<e there must be some difference in the character ot the tever.' 
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the divbraity of the testimony laid before the Cominissiofl 
on the relations of the opium habit to malaria. It has 
been shown how email consumera of opium would be 
lesH effectively protected than large conamners, and how 
even large consumers would not be rendered immune 
ugainat every form of malarial fever. The fact, now 
estahlished, that mala.r!al fevers are not all of one type 
throws a new and important light on the subject. Thfl 
type of malaria prevailing in one district might 
amenable to the control of opium, while a different typ< 
prevailing in another district might not be thus amenaU 
— and, naturally, the popular belief in the two district 
as to the protective or prophylactic power of opiui 
against malaria would vary accordingly.' 

It may also he remarked that the uon-medica 
witnesses had not always sufficient knowledge to euabi 
them to distinguish between malarial and non-malari 
fevers. Thus some of the witnesses from Assam base 

I their disbelief in opium as a remedy and prophylacti 
against malarial fever-on its inefficacy in an eiiidei 
disease called Eala-azar, which a few years ago cause 
great ravages in that province. It turns out that i 
azar is not a malarial fever at all— but a contagion 
fever of quite a different nature, which is not influence 
by any antiperiodic remedy. (See an elaborate ( 
report by Dr. Giles on Kala-azar and Beri-beri printa 
at Shillong, in Assam, in 1890.) 
(ago 
to a 
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' Parasitic digeniieB are, as is well known, greatly iallaenoed 
reguids their incidence by racial distinctiona — and this peculiarity appi 
.1) apply to some types of malarial lever. In India the common Ij 
ot malarial fever attack Natives and EnrDpeans impBrtially ; but i 
does not appear to be the case with all types of malarial fever. I b 
been intomjed that there are hill traota in India which prove bi{ 
malarious to the European ofiioiais Btationed m tbeiii, but which 
Dot fflslariouE to the Native inhabitants. 
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^^H^.) The Practice of giving Opium to Infants. 

I One of the moat singular outgrowths of the opium 

habit in India is the custom of administering opium to 
infants. The practice is an ancient one and prevails 
extensively all over India, but especially in the North- 
Western provinces, in the Native States of Kajputana 
and Malwa, and in the Bombay Presidency. The 
practice may be considered as part and parcel of the 
household, or popular, use of opium. The Commission 
were repeatedly told that (iO, 80, and 90 per cent, of the 
infants were dosed with opium, and with some castes 
the custom seems to be universal. The practice is 
begun in the first few weeks or months of life, sometimes 
even from birth, and is continued u]> to the end of the 
second or thu-d year, and sometimes to the fourth, and 
very rarely to the fifth year. The dose is usually one- 
sixteenth to one-twelfth of a grain to begin with, and thisi 
is gradually increased to a quarter or half a grain, and 
even to one or two gi-aina, according to the age and 
necessities of the child. The dose ia generally adminis- 
tered night and morning, sometimes only once a day. 
In most parts of India it is given by the mother in the 
form of crude opium, a speck about the size of a poppy 
seed or pin's head ie put into the child's mouth or ia 
mixed with its milk. Sometimes suckling mothers 
smear their nipples with opium. In Bombay ' children's 
pills,' or ' bala-golis,' are extensively sold for this purpose. 
These pilla are now manufactured, in order to ensure 
purity and constancy of strength, under the supervision 
of the licensed vendor ; they are made of two degrees of 
strength and contain respectively one-sixth and one- 
third of a grain of opium each, mixed with a variety of 
harmless spices.' 

' The exact qaantitj' of opium in each pill, of the two degreeB of 



:joo 



GIVING OPIUM TO INFANTS 



When the child reaches the age of two or three yen 
the practice is diBcontinued. The weaning from opiuntl 
is usually done gradually ; but it is quite complete ; audi 
any resumption of the habit in adult life is entirely dis- f 
connected from the practice in childhood. 

The common purpose for which opium is given tol 
infants by the poor and cultivating classes is to keep th^ 
children quiet and free from fret while the mothera gol 
about their work in the house or in the field. Dp.1 
Keegan, at Indore, gave us the following toaching.fl 
ghmpse of the practice : — ' A peasant woman who hai 
to work in the fields gives her child some opium andfl 
puts him in a basket in the corner of the hut, or pcrhapa.1 
she takes her child with her to the field, puts liim in i 
small basket, and gives a httle opium to keep him quiet." 
But this custom is by no means confined to the poc 
and the peasantry, who cannot afford to provide the-l 
mother with additional help in the charge of her chil-'J 
dren. It is followed pretty generally among the well-t 
do classes, and even in the zenanas of the rich, 
there is no lack of servants to attend to the duties c 
the nursery. The reasons given for the practice by thfl 
Native witnesses were, that the opium not only kept t 
children quiet and comfortable, hut also helped them i 
digest their milk ; that it prevented diarrhcea, warded a 
chills and fever, served to alleviate the troubles < 
dentition, and generally helped to keep the children i 
good health. 

The advantages and disadvantages of this cuat 
were a good deal canvassed before the CommisBion. 
was shown that accidental poisoning sometimes attendod 



strengtli. is nine-fiftietlis and nine-twentj-fifthe of b grain. It is to 
remembered that '' "' * .... .1 

laorpliia contaiinGd 



I upiuui uoubuiiis enlj lialf the omciunt iim 
opium used in Europe for medical pncpoKs. J 
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the practice. Children were occaeionally brought to the 
dispensaries in a state of somnolence or coma, from 
accidental over-dosing by a mother, or from a child 
getting hold of a lump of opium or a box of bala-goli 
pilla left carelessly about, and so poisoning itself. Most 
of these eases issued in recovery, but sometimes fatalities 
occurred. These accidents were not nearly so common 
as might have been expected^Rhowing the practised skill 
of Indian mothers and nurses in the management of the 
di"ug. Some of the medical witnesses expressed a doubt 
whether fatalities from this cause were more frequent in 
India than occurred at home from opium given to chil- 
dren in the form of soothing syrups and cordials, or 
dispensed under medical prescription, Er, Blaney, who 
was coroner of Bombay for seventeen years, could only 
recall five or six fatal eases of infants being accidentally 
iwisoned in this way. 

As regards the general question of the usefulness or 
hurtfulness of the custom, viewed apart from the risks 
of accidental poisoning, the opinions laid before the 
Commission were divided.' To European ideas the 
practice seems very objectionable. The surroundings of 
child-life in India are, however, so peculiar, in relation 
to domestic circumstances, to food, climate, and malarial 
influences, and as regards the exceptional tolerance for 
opium of Indian infants, that it would not be aafe tO' 
judge the custom by European standards. 

Indian mothers and nurses, and the Native public 

' In a memorandum an oliildreii'H pills or bnln-golii). presented to 
the Commission b? Mr. McNabli Campbell, colleotor, ot Bambnj. it is 
Htftted : — ■ Bonibaj profeBBiooBl opinion is almost aqaally divided on the 
quBStioD whether opinm is beneficial or hurtful to ehildren. Ot 81 
Htatements obtained in lfl'J3 from members of the Grant College Medical 
aooiety, 27 were in favour of the use of the drug, 30 were gainst it, 25 
o opinion, and two were doubtful.' 
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geaerKliy, have an onquestiouing faith in the whol^H 
somenesa of giving opinm to children, and the accumn^^ 
lated experience of successive generations of parents, 
extending over hundreds of years, furnishes a body of 
presumptive evidence n^hich ia not to be lightly set aside 
on the ground of it priori considerations. It is difficult 
to believe that a practice so widely diffused throu^ all 
gradeH of society, and carried on under the diri 
supervision of the vigilant maternal instinct, shot 
have maintained itself so long in credit, if it wt 
tbe whole and to an; appreciable extent injurious. 

The general tenor of the evidence of the members 
the Indian Medical Service, who had charge of di 
pensaries and had supervision of vaccination, and 
thus ample opportunities of obser\"ing the effect of 
habit, was to the effect that the practice was gener 
harmless and aometimea beneficial. It was shown tl 
the children who had opium given them were just 
healthy as those who had not opium given them. 
Hendley, at Jeypore, examined, for the purpose of 
present inquiry, 100 children who were brought 
(without any selection) for vaccination. Of these 
were being dosed with opium, and 22 had not receiv* 
opium. All the children of both groups were equal 
healthy,' Some of the medical witnesses expressed 
formal disapproval of the habit, but added that they 
had not actually seen any evil result from it. Others 
jigain condemned the custom, and alleged that they bad 

' A sect of Shia Muaaulraana, calleij Illioias. are aaid not to gt^t 
opium to their cbildren. Di. Keegan, speaking nt Indore, aaiJ ol 
these :— ' They happen to be the most unhealthy children in this pBrlol 

the coQntiy whether it h through not taking opium I ilo no' 

know, but Bs a. matter of fact the uhildren of the Bhoras aie leij an- 
health;.' 
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frequeiitly seen serious malnutntion and fatal marasmuH 
and atrophy foUow the practice. 

It is easy to helieve that soine minor infantile 
complaints, such as chronic constipation, might he 
unfavourably affected by the practice of giving opium 
to children, and benefited by its suspension, without 
atti-acting special notice from medical observers. But 
it is not easy to believe that serious marasmus and 
atrophy couldj as alleged, frequently arise from a 
practice so common without having been long ago 
detected and generally recognised by medical practi- 
tioners and writers in India. Moreover, it is obvious 
that there must be some contributory factor or factors, 
in addition to the opium, to account for the production 
of such cases, otherwise more than half the children 
in some parts of India would be in a state of atrophy. 
The most convincing evidence on the occurrence of 
opium marasmus in infants was given by Dr. Huntiy 
at Ajmerc. He said : ' I can recall to my memory a 
dozen, or perhaps a score, of instances (of marasmus) in 
which, acting on my advice, the parents stopped the 
opium, and the child recovered health and plumpneas.' 
Dr. Huntiy was not able to indicate tlie contributory 
factors which accounted for these exceptional instances. 
It is well known that infantile atrophy may occur 
in otherwise healthy children simply as the result 
of insuEBcient bi-east milk in underfed or unhealthy 
mothers, or as the result of chronic functional derange- 
ments affecting the digestion and assimilation of food.' 
Children thus suffering would, in India, as a matter of 
course, he dosed with opium, and even cautious ob- 

' Prof. Henoch's description of inrantile atrophy from these causes 
eorreBponds exactly with the ileBcription gUea of the Bo-called 'opium 
bttbj.' (Lecinns on Diseases of Children, Syd. Hoc. Ed., Vol. i., p. 72.) 




304 CKREMONIAL L'SE OF OPIUM 

servers might be nuBled aa to the true causal seqneiu 
There is another group of cases, involving waste ai 
emaciation, encountered in India, which might pro 
similarly deceptive. Children in India are liable, 
adults, to the malarial cachesia, and infants in arms a 
sometimes found with the characteristic enlarged splei 
Mothers who suffer from malarial fever during pn 
nancy appear capable of transmitting the disease 
their offspring congenitally or through their m'l 
Such cases would be sure to have opium given thi 
and might easil_y be misinterpreted, especially in th( 
instances, and they are not uncommon, where ti 
malarial cachexia is unaccompanied with enlarged spleet 
In studying this most strange custom of givii 
opium to infants, it is necessary for the inquirer, if 
is to reach valid conclusions, to divest himself of h 
European ideas concerning opium and infants, 
examine the actual facts with an open mind, and, abo 
all, to fully realise the complexity of the etiologii 
problems involved. The following quotation from t 
evidence of Dr. Arnott, physician in charge of i 
George's Hospital, Bombay, will, I think, find an 
in the experience of most medical men in India wl 
have paid attention to this subject. ' On infanta, wl 
are otherwise well cared for, the use of opiimi has n 
the bad effect I was prepared to expect. I have set 
many infants to whom opium was habitually given qui 
well-nourished and healthy ; but others, ill-fed and i 
cared for, are emaciated ; and, no doubt, among tl 
last there is a large mortality. In such eases, it is 
easy to separate the effects of opiimi from the o1 
causes of infantile mortality in large towns.' 

' Dr. Clefthom, who wan eiauitiied at Lahore, informed me privtiHiy 
that he bad encoantered enlarged malarial spleen in new-born intuM 
sod verified the iocl at tbe auto^By. 
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B^B'f^.t Use of Opium on Occasions 

r .-. . In the protected States of Rajputana, Central India, 
and Gujarat npium is largely employed on various cere- 
monial occasions. It is so used during religious festi- 
vals, on State occasions, at the celebration of marriages, 
at bii ths and funerals, as a token of welcome to friends, 
and^^jS a seal of reconciliation between adversaries. A 
preparation called ' amal-pani ' or ' kasumbha,' ' is cora- 
mo'^ly uaeil on these occasions. This is a strained solu- 
tion of opium in water, and it is drunk in company, as 
a sort of social solvent, like wine. Opium in the solid 
fJHm is also distributed, as largesse, by chiefs and hosts 
to relations, guests, retainers, and the poor. Some of the 
accounts of these customs laid before the Commission 
are very curious. 

Sir Lepel Griffin thus describes the use of opium as 
a court observance in Eajputana: — 'A Native Rajah 
with all his court sitting around him, will call for his 
attendant, wlio will pour some of it (opium water or 

j amal-pani) into his hand, and he will drink it oiT, and 
every one of the men round him will drink it in the 
same way,' 

A high JN'ative official at Jeypore gives the following 
account of the ceremonial uses of opium among the 
people of the Jeypore state : — ' On occasion of the annual 
celebration of the religious festivals of Akshay Tij, Holi, 
and Dusserah opium-eating is looked upon as highly 
auspicious and conducive to prosperity and liappiness. 

' According to Major Ferris ' ktiEumbha ' is ttias maAe in Katbia- 
wu : — ' Cut the opiam into Bmall pieces, add a little water, mix to a 
thick consistencji put the masa into a, thick woollen cloth, pour eold 
water on gradually and strain through. DTinh the decoction without 
U17 addition of sugai'. or anything to destroy the bitter taste.' The 
praportion i» usually one part of opium Co 20 parts o( water. 
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Opium IB accordingly distributed among relatione, 
well as among friends and dependents, whether Hindi 
or Mahomedans, and the drug is partaken by all 
cernetl as something sacred. Marriage contracts, an 
the celebration of marriage among Kajputs, are con 
fiidered neither auspiciouB nor vahd unless opium 
eaten on SHch occasions. Opium is also used on occa 
sions of funeral ceremonies. Moreover, when tw 
inveterate enemies become reconciled and propose 'U 
pass the rest of their lives peacefully, they generallj 
partake of opium at each other's hands ; and the practio 
ia recognised as making the tie of friendship inviolabli 
If either of the two parties decline to take opium, it 
understood that he is not disposed to abide by his pro 
raises. It is generally the practice among natives ( 
India to offer some refreshments to a friend or acquaio 
tance who comes to pay a visit. Pan-supari (betel an 
betel nuts), tobacco, and spices, are often presented 
but a Rajput would offer opium as an unmistakabl 
token of friendship and attachment.' 

An ofBcer of the Dholpur State (Rajputana) relate 
' That opium has been for ages an established institntioi 
in the country. It has come to be looked upon as th 
chief factor in some social customs and usages through 
out Rajputana. For instance, it is customary amoq 
the Rajputs, at the betrothal ceremony, that the brid 
groom should eat or drink opium offered by the brid* 
party. The whole company afterwards drink the dn 
by turn, out of the palm ol the host. The extent b 
which opium has got itself wound up with the daily 
avocations of the people, as a tradition, will bo realised 
from the fact that among the Thakurs and other 
castes it is invariably seen that before beginning 
letter, a prayer is expressed on top of it, asking 
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addressee to take, on the writer's account, double tlie 
iiuantity of his daily allowance ' of amal-pani. 

Here is a curious picture from XTalwa, di'awn by the 
Dewan (administrator) of the Hutlam State : — ' I shoiild 
like to add that there is attached to the Palace, at 
Entlatn, nhat is called an Abdarldiana, where respectable 
persons coming to see His Highness or the Dewan are 
treated with a drink of a solution made of opium 
(kasumbha). The .Tagirdars, as alao the servantb of 
His Highnt'ss, and citizens who fret^uent the Darbar 
office, partake of the drink. If respectable Jagirdars 
and Thakores are not offered the kasumbha drink, they 
wonld feel that they are not treated properly. On a 
bu-thday, the Dasora holiday, and at the time of certain 
darhars, the Thakorea, Jagirdars, officers, and others are 
treated with kasumbha. The darbar ia dissolved after 
all the persona have resumed their seatfi after having 
taken the kasumbha. No pansupari, flowers, garlands, 
etc., are given in such darbars, the kasumbha taking the 
place of all these thing's. The Abdarkhana institution 
has been in existence from time immemorial. During 
the minority of his late Highness the Political Super- 
intendent of the State had to maintain it, and it has 
been maintained up to this time, though nowadays it is 
used principally by persons of the middle class. For- 
merly it cost much, now the cost is much reduced. 
The importance of the kasumbha drink is so great that 
in friendly letters and invitations the Thakores, Rajas, 
Dewan a, and others generally endorse ui their own 
autograph as follows: — "After reading this letter, do 
you take kasumbha drink as a treat from me in honoui- 
of yourself." This request is considered complimt^ntary, 
and is made by one not inferior in rank to the other. 
When a friendly letter with such a request ia received. 
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the request is in certain caaes literally carried out by " 
once having a kasumbha party in honour of the pere 
who made the request." ' 

Among the occasions on which it is obligatory i 
take opium, the paymaster of the army of the Natirt 
state of Jaisalmh' mentions the following singulai" 
instances: — 'on the visit of a son-in-law to his father- 
in-law's house," on ' the first removal of hair of a i 
child among Kajputs and Charans,' ' on the parting (o^ 
shaving in the middle) of the beard of Eajputa 
Charans.- 

In the Native states of Gujarat and Kathiawar similoj 
uuatoms prevail. Major Ferris gives the follow 
account of kasumbha drinking among the Natives of th( 
Kathiawar States: — 'Among the Kathia kasumbha i 
consumed at all funerals, marriages, betrothals, and 
such like ceremonies. As a fact it is never refused, bi^ 
there is no religious obligation to take it. Nevertheles 
if a Eathi has the habit and refuses kasumbha o 
an occasion it would cause offence. In cases of recon- 
ciliation after a quarrel among Kathis, the drinking of 
kasumbha, even by those not having the habit, is de 
liilfimr. To refuse would be to raise a suspicion that 
the reconciliation was not sincere. Each party must 
take some, howex'er little, or the reconciliation is incom- 
pletf. It is a necessity almost amounting to a religion 
for a guest of a Kathi to be given and to accept 
kasumbha, A failure on either hand is a grave ^reacb 
of hospitality and respect. Promises and verbal cxsa* 
tracts and agreements are sealed among Kathis by t 
parties drinking kasumbha together. This makes thj 
fulfilment as binding as an oath. When families agrn 
to divide the ancestral property by mutual agi'ei 
ivjthout having rtieourse to documents and the lad 



tbe parties drink kasumbha to clineli the under- 
taking.' 

A Native Inspector of CuBtoms at Ahmedabad gives 
Home picturesque details of the ceremonial use of opium 
in that district. He says : — ' The Girasias and Kathis 
who live in the southern part of this district have always 
been usuig and been addicted to the habit of eating 
opium. . . , Kasumbba is prepared twice a day— that is, 
in tbe morning and evening, when poor wasavas (low 
class labourers), who are habitual opium-eaters, are 
supplied with opium according to their requirements. 
This is a mai'k of generosity. ... It is a custom among 
these people that when guests come to them from a dis- 
tance on any unusual occasion, or on ordinary business, 
the village barber, on behalf of the guests, invites the 
resident householders of the village to drink kasumbha. 
AH those that assemble in response to the invitations 
are supplied with kasumbha by the guests at their own 
"expense, and pieces of opium have also to be given 
according to the requirements of the persons invited. 
If one omits to do this, be is not considered respectable. 
Another class of people residing in this district are the 
Patidars and Kambis, who have always observed the 
following usages. On a wedding occasion one may use 
opium at his pleasure, but when a respectable old man 
dies, the use of opium in honour of his memory is 
indispensable. During the firnt eleven days after the 
death of the deceased, when the people of the surrounding 
villages, with whom such formalities are usually inter- 
changed, come in crowds to offer condolence, kasumbha 
has to be suppHed to them and their servants, and 
opium is also distributed among them. Afterwards, on 
the last, or thirtieth day, all persons with whom aiich 
lities are usually interchanged, and all relations 




coming from h distHnce, assemble. This gathering 
called Haraoni, and if espenditm-e ou n large scale 
contemplated, it is called Gam Saraoni. The great 
the quantity of opium one dispenses on this occaaic 
the more credit he gets." 

It appears from the e\'idence of several witness 
that in Kathiawar, and throughout Gujarat, the cei 
monial use of opium ia on the wane, and tending to ( 
out. This is attributed partly to the spread of ^V 
ideas and the substitution of alcoholic beverages 
opiam, and partly to economic necessity. In rect 
years the price of opium in these districts has risen 
good deal, owing to increased taxation upon it. 
former times, when opium was almost untaxed, 
quantities consumed on these ceremonial occasions ^ 
enormous. A Native gentleman from the neighbourb 
of Ahmedabad informed the Commission that on 
occasion of the death of his gi'andfather, in 1851, neail 
three maunds, or 240 lbs., of opium were consumed 
treating the guests, whereas on the occasion of the deal 
of his father, thirty years later, in 1R81, not more thai 
10 lbs. of opium were used by the guests. 

(ti.) Opium-Smokikg ra India. 

The use nf opium in the way of smoking is a st 
ordinate habit in India ; and, as compared with t 
ancient practice of opium-eating, is relatively model 
Opium-smoking is practised in two ways — namely, 
■mad-ak-smol'iii!) and as flinndii -smoking. The preparati 
of opium used in these two modes is quite different, 
the manner of smoking is also different. 

Madak-smukiiig. — The substance called Madak (< 
Madat or Muddat) is prepared by dissolving crude opii 
in water, boiling the solution, and straining throu 
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rloth. The strained product in boiled down to a syrup, 
and then mixed with charred leavut4, of acacia, betel, 
or guava, so as to form a soft mass. Tlie mass thus 
obtained is finally divided into httle balls about the size 
of small marbles.' Samples of madak balls obtained by 
me at Calcutta, have a light porous texture, and a car- 
bonised appearance. The balls weigh a little under 
seven grains each. The quantity of opium contained in 
madak probably vai'ies in different markets, but from 
the mode of manufacture it must be always an attenuated 
preparation as compared with chandu. Judging by the 
directfons for the manufacture of madak given in Vol. IV., 
p. 521, and Vol, V., p. 87, of the Proceedings of the Com- 
raisBion, the proportion of opium contained in it would 
seem to vary from about one-third to about one-fourth. 
Mr. Gregory, the superintendent of the factory labora- 
tory at Ghazipur, analysed two samples of madak 
purchased by him in the bazaar at Calcutta. They 
yielded respectively 0'18 per cent, and 0'21 per cent, of 
morphia. This proportion of morphia indicates that the 
madak sold in the Calcutta shops only contains about 
4 per cent, of crude opium. 

Madak is usually smoked in the ordinary hubble-bubble 
pipe. One of the little balls is placed in the bowl of the 
pipe and covered with a piece of glowing charcoal : it is 
then smoked much in the same way as tobacco. 

Chaiidn'Smokinii . — Chandu (or Chundooor Chundool) 
is prepared by boiling down a strained solution of opium 
in water in large copper caldrons to a thick consistency. 
As the concentration proceeds crusts form on the surface 
of the simmering mass ; these are removed in succeaaion 

' In Bombay madak is made np with the ahaired husks of a giun 
Culled moong. A substance oalled ' green gram ' IB employed in Southern 
Xndia lor the same purpone. 
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as tht-y foi'in. These cruets are again dissolved in waterJ 
and the solution is again concentrated by boiling, imtiljl 
finallj, a thick extract is obtained of the consistency aaw 
appearance of thick tar. This is the ' smokeable extracts 
used in India by chandu-smokerB. It is smoked in tbM 
freshly made or raw state, without any fui-ther prepai-a-l 
tion ; and must be regarded as a coarse form of cbandu.'v 
The chandu used in China by the better elassee is a muchfl 
more elaborately prepared article, and is made to nnder-] 
go, before it is considered fit for consumption, a gradu^ 
process of ripening, or maturation, lasting 10 or IS'fl 
months, whereby a delicate perfume is imparted to it, I 
which is much prized by connoisseurs in chanda^f 
smoking." 

Chandu contains a large percentage of morphia 
Mr. Gregory analysed a sample of chandu made withfl 
pure opium at the Ghazipur laboratory. He found it to| 
contain lO'lT per cent, of morphia. Two samples c 
chandu purchased by him in the Calcutta bazaar yielded,^ 

' It abutild be mentioned that the common chiuidu smoked io India, 
and bj the poorer clBBses in Chins, has its quality lowered by the aee, in 
the manufacture, of the dejections or ' dross ' scraped from chandu pipes 
utter the; have been smoked. This ' dross,' which is rich ia morphiik 
is carefully collected, and is largely employed to mix with the purt J 
opium in the manufacture of the commoner sorts o( cbattda. 

' A detailei) account is given by M. Lalande, Id the Archive* i 
Medeciiu Navale, tor 1890, of the metbod ot makine chandu fi 
Bengal opiiun at the French Government Factory at Saigon. The p 
cess is carried out entirely by Chinese workmen, and is said to be S 
exact oounterpari of the process followed in China for the prodttoticai tl 
high-class chandu. In the same journal for 1893 is a paper by B 
Calmette describing the slow spontaneous fermentation which ofOtt 
totes tbe ripening o( the ohandu. The fermentive agent, according U 
Calmelte, is the Aspergillus Niger, or black mould, which grows ever 
where so abundantly in saccharine media. The ohemioal results of it 
fermentation are to destroy the glucosi^ of the opium and t 
the tannin into gallic acid, and to produce, besides, certain 
/ragrances which impart the desired ' bouquet ' to the finished artialti. ' 



rcHpeetively, 9'liJ percent, and 9'07 percent, ofmorphia. 
It thus appeal's that Indian chandu is about twice as rich 
in morphia aH the crude opium from which it ia pre- 
pared,' 

Chaiidu IB smoked in a specially constructed pipe, and 
in a peculiar manner. The pipe-stem ia composed of a 
tube of bamboo, about 20 inches long and more than an 
inch thick. One end is closed, and the other end is 
fashioned into a thick mouth-piece with a large orifice. 
About 7 incheK from the closed extremity is a round hole, 
mounted in brasswork, for the reception of the ueck of 
the bowl. The bowl of a chandu pipe is usually made of 
terra-cotta, and is entirely unlike the bowl of a. tobacco 
pipe. The Kubjoined diagram (p. 314) will assist the reader 
to understand the description. The bowl {n) conaists of a 
hollow disc, or chamber, about 2^ inches wide and about 
IJ dedp. The upper surface is flatly convex, and at ita 
centre (t) ia a minute shallow cup, lined with metal, and 
perforated at the bottom with a small orifice. This leads 
to a short canal running through the terra-cotta, and is 
only wide enough to admit a medium-sized pin. The 
lower aide of the diac ia continued into a short neck (r) 
which fits into the opening in the pipe-stem.'^ 

The chandu-smoker proceeds ui the following 
fashion :■ — Armed with a pointed probe or style he dips 
the point into his supply of chandu and takes up a suit- 

' According ta the analysis of Lalaode (i.e., p. (i9) the chandu niadc 
at Bsigon, while retaining its lull complement of morphia, hua oiUj a 
very reduced proportion of anarcotine. 

■ The nbove description Is drawn np from an examination of four 
ahandu pipes, one bought at Calcutta, two aonfiaoated pipe«, kindly 
given to me by Mr. Westmacott, lit Calcutta, and the tonrtb par- 
chased In Ilangoon. All four are eBsentially alike in oonstruction. 
bat vary in ovnamentation. The bowls of the two conHscated pipes 
■re made of bra^iw, and the bowU of the other two are made o( terra- 



3U 



THE OPIUM PIPE 



able tjuantity. which forma a Httle drop at the point of I 
the style. This he now carefully heatB over the dame i 
of a lamp until it dries up into a soft pilule. He next J 
transferB the littk* pilule to the shallow cup on the ujiper ( 
surface of the howl. Then, assuming a reclining position, 
he cautiously applies the pilule to the flame of the lamp, 
and at the right moment, when the chandu liegins to J 
bubble and to emit smoke, he takes a full inspiration 



Fig.l, 



52. 







and fills his lungs with smoke, and then slowly discharge 
it . One or two such inspirations exhausts the charge] 
A practised smoker will smoke 15 or 20 iiipes at I 
sittinj;. 

Oiiium-smoking in India is the habit of the t 
paratively few ; it is almost confined to the towns, i 
is scarcely known among the country cultivators. 
Stoker, Commissioner of Excise for the North-WesterB 
Provinces and Oudh, who has had special opportunities a 
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studying this subject, said that ' probably not so many 
as 1 in every 10,000 of the whole population evor 
smokes opium.' In the large towns and seaports the 
proportion (if opium -smokers is considerably gi'eater 
than this. In Bombay, with 821,000 inhabitants, Mr. 
Campbell, collector of Inland Revenue, estimated that 
before the dosing of the licensed houses, in 1892, there 
were 700 or 800 men who smoked opium in the lieensed 
premises — that is to say, about 1 in 1,100 of the entu'e 
population. 

The practice of opium-smoking is generally looked 
down upon in India as a low and vicious habit. Several 
of the witnesses thought the practice — and especially 
that of madak-smoking^ injurious to health. Others 
thought that the injurious effects were not due directly 
to the smoking, but were due to the associations and 
surroundings of the habit. These are certainly very bad. 
The practice of smoking seems to require that it shall he 
carried on in company, and the premises or ' dens ' in 
which opium-Bmokers meet in India are of a squalid and 
insanitary character. The frequenters of these premises 
belong to the humbler grades of society- Many of 
them are, no doubt, decent working men. who call for 
their smoke much as English workmen call for their 
glass of beer ; but these places are also the resort of idle 
and dissipated and vicious persons — the declassed and 
homeless waifs and strays who gravitate into large towns. 
It is easy to understand that such associations and sur- 
roundings would be deleterious to the health and corrupt- 
ing to the morals of the young. Public opinion in India 
is against these ' dens,' and the consumption of opium in 
any form upon the premises of licensed shops is not now 
permitted. 

The evidence with regard to the effect of opium- 
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smoking on health was leee complete and lesB conolusiire 
than that with regard to opium-eating. Proof ' 
given that smokers both of madak and cbanda might 
continue the practice for 10, 20, or 30 years without 
detriment to their health. No organic disease of any ■ 
kind was alleged to be producible by the habit. It was ■ 
shown that opium-smoking was often resorted to lor the I 
relief of suffering, especially in cases of asthma, bron- 1 
'Chitis, and pulmonary consumption, and that it was eaeya 
for unwary observers to mistake the effects of concurrent J 
disease for the effects of opium-smoking. It cannot be! 
said to have been adequately proved that moderate! 
opium -smoking, taken by itself, and apart from its sur-r 
roundings and from disease or semi-starvation, has af 
prejudicial effect on health.' 

It is a matter of considerable scientidc interest UM 
know what the opimn-smoker really takes into bis 
system. As regards madak-smoking we have no positive 
information. Something, however, is known about 
chandu- smoking. Chandu is rich ui the alkaloids of 
opium, and especially rich in morphia. These principles 
are, however, not volatihsable by heat ; they are broken 
up and transformed by heat; and what the chandti- 
smoker receives into his lunge are the gaseous products 
evolved by the heated chandu, together with the carbon- 
aceous particles which constitute the visible sn 

Several Europeans have experimented in their ow] 

' The most detailed and cii-euniBtantial infonnation, laid before ll 
CommissioD, od the health of opmm-smokers in India, is to be found ii 
a pnblieation entitled;— Liuea o/fiOTBiay Opium- Sinofews, compiled ll 
Mr. BoBtomji Jehongir. Chief Inspector of the Bombaj' Opium T 
t. This little book contnina short biographiee of 222 opium-smoke 
ihoni 60 were madak-Bmokers, and 163 ohandn-BoiokerB. 
lographies are printed in lull in the Proceediii^s of the Commiun 
Vol. IV., Appendix XXII. 
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persona on cliandu- smoking, and bavu recorded their 
experiences. Most of them report that they perceived 
no effects whatever, some suffered more or less from 
headache and giddiness, hut none of the accounts I have 
seen report a distinctly hypnotic effect. Europeans are 
very sensitive to the hypnotic action of morphia, and 
their experience, even making allowance for their imper- 
fect mastery of the art of chandu-smoking, seems to show 
that the enjoyment of the chandu-smoker is not due to 
the absorption of unchanged morphia. That some 
traces of morphia are conveyed uito the lungs of the 
chandu-smoker is, however, pretty certain.' These 
traces would be carried up mechanically, ui the solid 
form, entangled in the carbonaceous particles of the 
smoke. But as this smoke is forthwith expelled again, 
there would probably be very little absorption of morphia 
by the pulmonary tissue. 

What the gases evolved by heated chandu consist of 
we do not accurately know : they are doubtless very com- 
plex. But it may be presumed that their effect on the 
Eastern smoker is kindred, though not identical, with 
the reviving and exhilarating effect of solid opium on the 
opium-eater. It may, moreover, be assumed that the 
reason why Europeans (with rare exceptions) do not 

' According to the obBervations ot Moiaaan, made in the laboratory, 
the ripetifld chandu used by the better clasGeB in China yields its smoke 
at a comparatively low temperature, and he was able to deteot the 
presence of morphia in the smolie, together vith some volatile perlumea. 
The coarser chanda smoked by the lower classes, which is made with 
opiam adulterated with the ' dross ' acraped from old ohanda-pipes, 
requires a higher temperature for the development of smoke, and this 
smoke contains tailc compounds such as pyrrol, acetone, pyridic and 
hydropyridio bases {Complex Eendita de, VAcadiiniB del Seiences, 
December 3. 1892). These toxic cnnipounds appear to be Bomewhat 
Bunilai with those found in tobacco smoke. 
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<;xperience this reviving effect from chandu-smoking, is 
that they lack the proper constitutional susceptibility 
thereto, just as they equally lack, as before pointed out, 
the proper susceptibility to the reviving effect of the 
opium pill and opium draught. 
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